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PREFACE

On November 28, 1964, Mariner IV was successfully launched on a

trajectory that would take it within 150,000 miles of Mars. On

December 5, 1964, the spacecraft performed a successful midcourse

maneuver, altering its flight path so that it would pass within

6118 miles of the planet. The flight took approximately 7½ months,

during which time a great _1_1 of sei,_-_ff_o information was _atheredIdltK_ClkJt _A_

concerning the environment of both near-Earth and interplanetary

space. And then, on July 14, 1965, Mariner IV photographed the sur-

face of Mars, and telemetered to Earth the most advanced scientific

and technical data regarding the planet yet recorded.

An earlier volume of the series reports on Mariner III. This volume,

which deals with Mariner IV, only, describes various operations of the

Project during the flight from the time of midcourse maneuver to

the end of the mission on October 1, 1965. It includes an account of the

trajectory and orbit determination analyses, a description of the Space

Flight Operations System, a summary of the post-launch testing results,

and a brief account of the final configuration and disposition of the

MC-4 and PTM spacecraft at the end of the mission. ( Since the gener-

ation of material for this report, the additional Mariner IV and Mariner

Venus 67 Projects were authorized by NASA, and these two spacecraft

are being used in the follow-on projects. )

The Mariner Mars 1964 mission required the use of a great many

new techniques in designing, building, and operating unmanned space-

craft. The success of Mariner IV has made these techniques significant,

particularly in the light of future space programs. It is hoped that the

operations and results documented in this volume will be useful refer-

ence to those who are planning fu__

W.H. ring, Director

Jet Pro

Assistant Laboratory

, Project Manager

Mariner Mars 1964
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ELEMENTS OF THE MARINER MARS 1964 PROJECT REPORT

The Mariner Mars 1964 Project Report consists of the following
volumes:

Mariner Mars 1964 Project Report, Mission and Spacecraft Develop-

ment, Volume I: From Project Inception Through Midcourse Ma-

neuver (TR 82-740, Vol. I)

Mariner Mars 1964 Project Report, Mission and Spacecraft Develop-

ment, Volume II: Appendixes (TR 82-740, Vol. II)

Mariner Mars 1964 Project Report, Mission Operations (TR 8.2-881)

Mariner Mars 1964 Project Report, Spacecraft Performance and

Analysis ( TR 82-882)

Mariner Mars 1964 Project Report, Scientific Experiments (TR 82-888)

Mariner Mars 1964 Project Report, Television Experiment, Part I:

Investigators" Report (TR 82-884, Part I)

Mariner Mars 1964 Project Report, Television Experiment, Part II:

Picture Element Matrices (TR 82-884, Part II)

Tracking and Data Acquisition Support for Mariner Mars 1964,

Volume II: Cruise to Post-Encounter Phase (TM 88-289, Vol. II)
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JET PROPUI_ION LABORATORY INTEROFFICE MEMO

19 June 1963

TO:

FROM:

SUBJECT:

All Concerned

J. N. James

Significance of 19 June 1963

Today, the 19th of June, the USSE spacecraf_Msrs _msde its

encounter with Mars - dead 8s a doornail. You are receiving an

issue of the memorandum because you are one of the individuals who

by your daily actions and efforts can make Mariner C the first space-

craft to take measurements on the planet Mars.

It's as tough a job as we could pick. The Soviets have made

st least seven launches to Venus and Mars, none of which have succeeded.

You have tried twice - to Venus - and succeeded with Mariner II. On

the basis of those statistics you are better than they are.

....... n...._ _=_ of statistics we should look a_. .An

analysis* made for ARPA by Arinc Research, Inc. shows that of sixteen

satellites that had been injected, they demonstrated a 95% probability

of living only 2000 hours. Mariner II ceased to operate after 129

days - s little over 3000 hours. The Mars I, if we can believe the

Soviet news releases, was launched 1 November and failed 21 March,
giving it a life of about 3400hours. We must launch t_ Mariner C

spacecraft in 1964 which will live at least---_OOhours. To accomplish

this depends on each of you as an individual - your initiative - your

craftsmanship - your ingenuity - your precision - your making each

decision in the direction of success - your conscientious attitude

towards the system as a whole and not just your part of the system

slone- your meetin6 of schedules on time to permit us to face and

resolve the unknowns quickly.

I believe we have a first rate design in the Mariner C. We

have plenty of talent assigned to all Project area_ and the schedule

isn't too bad. So it is pretty much up to each of us to make every

day count.

The Soviets will launch again for Mars in 1964 but they will

have some company. Thus you have another opportunity to demonstrate

to the world that you excel in this type of venture by encountering

Mars with two spacecraft in perfect operating condition.

JNJ:pk

*See Aviation Week, May 28, 1962
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I. PROJECT ORGANIZATION AND MANAGEMENT

A. Structure

Responsibilities for key divisions of mission activities

for the flight and encounter phases of Mariner IV were

essentially the same as those discussed at length in the

Mission and Spacecraft Development volume for the pre-

lxajectory correction maneuver phase. Figure 1, which

defines the specific, applicable, organizational structure

for the period reported in this volume, reflects the greater

emphasis on flight analysis and support activities and the

lesser emphasis on the design and development work-

except as it pertained to unusual equipment performance

or non-standard telemetry results. One function not shown

on the chart was the necessary one of public information,

which drew a considerable amount of Project personnel's

attention; this requirement grew in proportion to the suc-
e,:ss of the mission.

The management structure provided the base for vari-

ous administrative checks and controls of the project;

these took such forms as master planning and scheduling

and follow-up, reviews, reports, and appropriate meet-

ings and workshop sessions. In addition, the Project

P List was continued throughout the mission to highlight

major problems that could seriously affect the success

of the mission. The post-launch P List is presented in

Appendix A.

B. Schedules

The absolute irrevocability of flight events imposed

even more stringent demands on the precision and thor-

oughness of scheduling than did the pre-liftoff events.

For example, the encounter sequence necessitated more
exact time-table adherence than did countdown-obvi-

ously, encounter could not slip one day, as did launch.

That the schedule was not only designed but executed

within proper tolerances is evidenced by the success of

the mission. Details of steps and objectives, and a record

of the manner in which they were met, are shown graph-

ically in the schedule package in Appendix B. These

charts present original schedules, completion dates, and

rescheduling information. Many of the highlights of

flight support are contained in these charts. Here again,

as in the case of the organization chart for the Project,
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there is a strong resemblance between this group of

charts and that included in the volume covering the

earlier period of mission activity.

C. Reviews

One of the most effective techniques used in assuring

that problems were receiving appropriate attention was

in the use of continuing reviews-regular Quarterly Re-

views of the Project by NASA I/cadqu_e_, and self

review of selected areas of concern by the Project, itself.

These latter were more frequent as time for encounter

neared. Table 1 lists some of the major sessions.

Table 1. Major review sessions

Date, 1965 Subject Location

23 February

3 May

17 May

25 May

30 June

23 July

2 August

28 October

Quarterly review

Encounter planning

Occultation planning

Quarterly review

Encounter preparation status

Encounter review

Quarterly review

Quarterly review

NASA HQ

JPL

JPL

JPL

JPL

JPL

JPL

NASA HQ

Encounter-readiness test critiques continued up to the

day before fly-by. Finally, a post-encounter briefing was

held to disseminate data to assure all Project participants'

receiving the important information.

D. Problem/Failure Reports

During the subject period of the mission, problem/

failure reports (PFRs) continued to be made on flight
performance anomalies and on misoperation observed

during the extended testing of the spare, MC-4 space-

craft, and of the proof test model (PTM), MC-1. Similar

reports were prepared by the operations team against the

Space Flight Operations Facility (SFOF); and when oc-

casioned, malfunction reports were generated because of

difficulties of the Deep Space Network (DSN).

In response to these notices, the cognizant organization

was required, as in the development phase, (1) to under-

take a thorough and responsible diagnosis of the prob-
lem, (2) to establish corrective and preventive measures,

(3) to assure by supervisor signoffs that the best remedial

steps had been taken, and (4) to follow up all problem

areas by reviews.

A summary of PFRs appears as an appendix in Vol-

ume I of this Mariner Mars report.

E. Meetings

Unless superseded by other more important meetings,

there were weekly meetings of Project Representatives.

In addition, daily flight operatiol_s briefings were, held.

From these latter sessions, in which were discussed

unusual spacecraft or science activities, were originated

the daily technical bulletins and TWX s to Headquarters.

Shortly after the trajectory correction maneuver, the

Space Flight Operation Director's team instituted a series

of regular meetings devoted to encounter planning. Every

facet of the encounter was probed and an optimum en-
counter plan was evolved.

Other groups meeting to solve particularly difficult
tasks were those concerned with occultation and data

processing operations.

F. Workshops

In the design, development, and testing of the

Mariner IV spacecraft, use was made of certain tech-

nologies that reached new limits. Since, in some cases,

requirements could not be met by use of existing meth-

ods, new techniques were evolved to meet the unique

engineering demands of the mission.

Steps were taken to disseminate information of these

advanced technologies to aerospace affiliated personnel

and to others who might benefit from its application.

Project members were encouraged to contribute to, and

participate in, professional conferences and symposiums

and to submit papers for professional journal publication.

Three areas of serious concern to the Mariner Project

were the subjects of technical workshops hosted by the

Jet Propulsion Laboratory, with attendance ranging from

50 to 150. The Magnetics Workshop (Ref. 1) was held

30 March to 1 April 1965; the Thermal Workshop met

23-24 June; and the High Voltage Workshop (Ref. 2)
convened 18--20 August 1965.

In addition to the above cited proceedings, a list of

available documents pertaining to many aspects of

Mariner IV history are listed in Appendix C.

3
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II. TRAJECTORY AND ORBIT DETERMINATION

A. Trajectory

1. Launch Phase

The Mariner IV spacecraft was launched from Launch

Complex 12 at the Air Force Eastern Test Range

(AFETR), Cape Kennedy, Florida, on Saturday, 28

November 1964, using an Atlas D/Agena D launch

vehicle. Launch occurred at 14:22:01.309 CMT, with an

inertial launch azimuth of 90.5 deg east of north. After

liftoff, the booster rolled to an azimuth of 91.4 deg and

performed a programmed pitch maneuver until booster

cutoff. During the sustainer and vernier stages, adjust-

ments in vehicle attitude and engine cutoff times were

commanded, as required, by the ground guidance com-

puter, to adjust the altitude and velocity at Atlas vernier

cutoff. After Atlas/Agena separation, there was a short

coast period prior to the first ignition of the Agena engine.

At a preset value of sensed velocity increase, the Agena

engine was cut off. At this time, both the Agena and the

attached spacecraft were coasting in a nearly circular

parking orbit in a southeasterly direction at an altitude of

188 km and traveling at an inertial speed of 7.80 km/sec.

After a parking orbit coast time of 32.25 min, deter-

mined by the ground guidance computer and transmitted

to the Agena during the Atlas vernier stage, a second

ignition of the Agena occurred. Ninety-six seconds later,

the Agena was cut off with the Agena-spacecraft com-
bination in a nominal Earth-Mars transfer orbit.

The launch phase ascent trajectory profile is illus-

trated in Fig_ 2, and a sequence of events, from launch

to Canopus acquisition, is shown in Fig. 3.

2. Near-Earth Phase

Injection (second Agena cutoff) occurred at 15:04:27.7

GMT over the Indian Ocean at a geocentric latitude and

longitude of -26.25 and 68.82 deg, respectively. At

that time the Agena-spacecraft combination was at an

altitude of 197.2 km and traveling at an inertial speed of

11.448 km/sec. The geocentric characteristics of the

Agena-Mariner IV trajectory are listed in Table 2.

At 1 min 23 sec after injection, the Agena combination

entered the Earth's shadow. The Agena separated from

the spacecraft 1 min, 18 sec later. At 15:17:34.8 GMT,
Mariner IV left the shadow after a total shadow duration

of 11 min, 44 sec. Within an hour after injection, the

spacecraft was receding from the Earth in almost a

AGENA D SECOND
I GNITION

D FIRST
CUTOFF

--AGENA D SECOND
CUTOFF

.... D/SPACECRAFT
SEPARATION

E
c

,S
:D
I--

I-
J 400

500

200

100

IOOO

2000

3000

VECO
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-BECO

FIRST IGNITION
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Fig. 2. Ascenttrajectoryprofile
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13 12 II

EVENT

I. LAUNCH

2. BOOSTER ENGINE CUTOFF AND JETTISON

3. SUSTAINER CUTOFF

4. VERNIER CUTOFF

5. SHROUD EJECTION

6. AG£'NA SEPARATION

7. AGEN.4 FIRST-BURN IGNITION

8. PARKING ORBIT INJECTION

9. AGENA SECOND-BURN IGNITION

I0. SECOND AGENA CUTOFF (:INJECTION)

I I. SPACECRAFT SEPARATION

12. SPACECRAFT SOLAR ACQUISITION

13. SPACECRAFT CANOPUS ACQUISITION

8, 9, I0

j13

\\

\\ 3,4

Rg. 3. Sequence of events to Canopus acquisition
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Table 2. Geocentric characteristics of Mariner IV trajectory

Characteristic Pre-encounter (injection) Pre-encounter (post-midcourse) Post-encounter

Parameter

Radius R, km

Inertial speed V, km/sec

Earth-fixed speed v, km/sec

Geocentric latitude _, deg

6872.9574

11.206585

10.775777

--28.130141

Longitude 0, deg

Right ascension O, deg

Path angle of inertial velocity I', deg

Azimuth of inertial velocity _, deg

Path angle of Earth-flxed velocity y, deg

Azimuth of Earth-fixed velocity a, deg

Time of event T, GMT

Hyperbolic orbital element

Semimajor axis a, km

Eccentricity e

Inclination to Earth's equator i, deg

Longitude of ascending node _, deg

Argument of perigee u, deg

Perigee distance p, km

Time of perigee passage T, GMT

86.212637

20.742333

12.650441

90.421969

13.165104

90.439744

15:07:57

(28 Nov 1964)

--41,535.874

1.1580740

28.133045

111.63727

245.65952

6565.7425

15:03:53.852

(28 Nov 1964)

2,022,402

3.1515691

142.00596

15.678090

186.01606

142.85406

89.557318

47.958569

1.2716438

270.00658

16:09:25

(5 Dec 1964)

228,218,340

30.785551

16,550.953

-- 5.1082557

289.33886

192.49794

30.007818

110.91233

0.05330023

269.96705

21:27:02

(23 July 1965)

radial direction with decreasing speed; this reduced the

geocentric angular rate of the spacecraft (in inertial

coordinates) until the angular rate of the Earth's rotation

exceeded that of the spacecraft. The phenomenon is

illustrated (Fig. 4) on a map showing the Earth-track

of the spacecraft reversing its direction from increasing

to decreasing longitude. Also shown is the tracking sta-

tion coverage and location of the various boost vehicle

and spacecraft events.

After several days of continuous tracking, it was esti-

mated that, without a midcourse correction, the space-

craft would pass the upper leading edge of Mars at a

closest approach distance of 253,800 km. Closest approach

would have occurred at 01:27:00 GMT on 17 July 1965.

Comparison of these results with the desired Mars trail-

ing edge pass indicated that the launch-vehicle's injection

guidance system had performed within 3_ (three times the

standard deviation) of the nominal values.

3. Mideourse Maneuver Phase

To alter the trajectory so as to pass through a selected

aiming region located at approximately 10,000 km from
the center of Mars, a midcourse maneuver, utilizing a

16.70 m/sec velocity increment (87 m/sec capability),

was required. In addition to altering the miss distance
at Mars, this correction was selected to change the arrival

time to 01:46:00 GMT on 15 July 1965, thus allowing the

spacecraft's CC&S to activate various subsystems at
the correct times near encounter. To properly align the

thrust direction of the midcourse motor for the burn,

a -39.16 deg pitch turn and 156.06 deg roll turn

were required. The midcourse motor was ignited at
16:09:25 GMT on 5 December 1964, at which time the

spacecraft was at a geocentric distance of 2,022,400 km

and moving at an inertial speed of 3.139 km/sec relative

to Earth. Analog data received at the Goldstone Tracking

Station and relayed to the JPL Space Flight Operations

Facility gave positive indication that the midcourse

6
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maneuver and motor burn had been executed precisely.

This was further verified by the observed doppler data,

which were essentially the same as those predicted for
the maneuver.

4. Cruise Phase

Following the midcourse maneuver, the spacecraft

reacquired the Sun and Canopus, thus returning to the

cruise mode. At this time the spacecraft was moving
primarily under the gravitational influence of the Sun

in an ellipse with the Sun at the focus. During the early

portion of the cruise phase, the spacecraft's heliocentric

velocity was greater than the Earth's, causing the space-

craft to lead the Earth around the Sun. This phenome-

non is illustrated in Fig. 5, which contains a heliocentric

plan view of the orbits of Earth and Mariner IV

during the first 35 days of flight. Slowly, however,

SUN

EARTH \

ORBIT --'-_

3C

2O

35 days

ORBIT

3O

25

15

15

Mariner began to move out toward the orbit of Mars

with decreasing heliocentric speed. On 28 February 1965

(61 days after launch), the Earth finally passed the space-

craft in its orbital motion around the Sun. At this time,

the spacecraft was at a distance of 18.9-million km be-

hind the Earth and 320,000 km above the ecliptic plane.

Throughout the rest of the flight, the Earth increased its

lead in orbital rotation about the Sun (Fig. 6).

Figures 7 to 13 present culwes of geocentric radius,

geocentric speed, heliocentric radius, heliocentric speed,

areocentric radius, Earth cone angle, and Earth clock

angle as functions of flight time from launch to Mars

encounter. Note in Fig. 12 that the minimum Earth cone

angle (Earth-Spacecraft-Sun angle) was approximately

1 deg, rather than 0 deg, when the Earth passed the

spacecraft in its orbital revolution around the Sun. (If

the inclination of the heliocentric transfer orbital plane

to the ecliptic plane had been 0 deg, the minimum Earth

cone angle would have equaled 0 deg.) The heliocentric

characteristics of the Mariner IV trajectory are shown in
Table 3.

Table 3. Heliocentric orbital elements of Mariner IV

trajectory

Pre-encounter Post-encounter
Elliptical orbital element orbit orbit

Semimaior axis a, km

Eccentricity e

Inclination to the ecliptic i, deg

Longitude of ascending node _, deg

Argument of perihelion c_, deg

Perihelion distance p, km

Time of perihelion passage T, GMT

Period P, days

190,929,830

0.22750296

0.12569963

68.665534

352.56527

147,492,730

23:11:28

(23 Nov 1964)

526.64530

200,588,100

0.17322007

2.5437401

226.75545

200.64908

165,842,220

07:25:19

(16 Nov 1964)

567.11321

I0

SCALE:

MILLIONS OF KM 5

0 10 20

0 days

Fig. 5. Heliocentric plan view of Mariner IV trajectory

during first 35 days of flight

During the interplanetary phase of the flight, several

orbital computations were made covering the period from

the midcourse maneuver on 5 December 1964 to 10 July
1965 when the mass of Mars caused the first detectable

perturbation in the Mariner IV trajectory. On the basis

of these computations, it was determined that the closest

approach to the surface of the planet would be 12,322 km

occurring at 01:04:49.5 GMT, 15 July 1965. The areo-

centric characteristics of the Mariner IV trajectory as

predicted during the interplanetary portion of the

flight are listed in Table 4.

8
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Table 4. Areocentric orbital elements of Mariner IV

trajectory

Hyperbolic orbital element

Se_lmaior axis a, km

Eccentricity e

Inclination to the ecliptic i, deg

Longitude of ascending node _, deg

Argument of periapsis _, deg

Periapsis distance p, km

Time of perlapsis passage T, GMT

Pre*encounter

prediction

-- 22,046

0.65894

6O.458

188.O09

289.546

12,322

01:04:49.5

(15 July 1965)

Actual Mars-

encounter orbit

--22,092

0.69753

58.186

187.499

289.321

13,201

01:00:58.1

(15 July 1965)
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5. Encounter Phase

Mariner IV approached Mars along the trailing edge

and from inside the planet's orbit (Fig. 14). Figure 15

illustrates the areocentric geometry of the flight past

Mars. At about 43.5 min before closest approach, or at a

distance of about 18,000 km from the planet's center, the

Narrow-Angle Mars Gate sensed the planet, causing

the tape recorder to start recording TV data 1 min 12 sec

360

300

240

180

120

tlJ

60

0

_,,_ ENCOUNTER_ 1

25 50 75 I00 125 150 175 200 225 250

TIME FROM LAUNCH, days

Fig. 13. Earth clock angle vs time from launch

later. At a distance of about 13,196 km from the planet's

center, after a 25 rain 12 sec picture taking sequence, the

scan platform moved permanently off the planet because

of the angular movement of the spacecraft in its hyper-

bolic orbit about Mars. At 02:19:11 GMT, the spacecraft

10



I JPL TECHNICAL REPORT NO. 32-881 

ZONE OCCULTATION ZONE 
MARIMR TRAJECTORY 

RELATIVE TO MARS 

Fig. 14. Mariner IV and Mars orbits near encounter 

ON DENSITY, DEPTH 

Tv PIC ND MARINER FLIGHT PATH 
RELATIVE TO MARS 

TV PICTURES START, 
RKORDEO ON TAPE 

Fig. 15. Mariner IV encounter of Mars as seen from inside Mars orbit 

1 1  



JPL TECHNICAL REPORT NO. 32-881

passed behind Mars as seen from Earth (enter occulta-

tion). The spacecraft emerged from occultation at

03:13:04 GMT after remaining behind the planet for
53 min 53 sec.

Tracking data gathered and analyzed during the en-

counter sequence indicated that the Mars encounter

-- POST-ENCOUNTER

TRAJECTORY

\

\

t¢

I ON LAONC. /SEPT 8,1967

_ "_'_T 8' I_:ART H //

SEPT 8, 967

/--PRE-ENCOUNTER
, TRAJECTORY

\

/

Fig. 16. Heliocentric plan view of Mariner IV

pre- and post-encounter orbits

trajectory as predicted during the cruise portion of the

flight was slightly in error. Orbit computations made as

early as 1 hr before encounter revealed that the actual

closest approach distance would be 13,201 km (instead of

12,322 km) occurring at 01:00:58 GMT. The principal

causes of this discrepancy were an error in the opera-

tional value of the astronomical unit (AU) and errors

caused by small forces originating in the attitude control

system. The areocentric characteristics of the Mariner IV

trajectory as determincd from encounter data are shown
in Table 4.

6. Post-Encounter Phase

As it left the vicinity of Mars, the planet's gravitational

pull altered the spacecraft's heliocentric orbit to such

an extent that the perihelion distance changed from

147,493,000 to 165,842,000 km (Fig. 16). Because the

spacecraft passed underneath the planet, a heliocentric-

orbit-plane change of 2.67 deg occurred between the

pre- and post-encounter orbits. To illustrate this effect,

a plot of spacecraft celestial latitude as a function of

calendar date is given in Fig. 17. By reference, again, to

Fig. 16, it may be noted that the Mariner IV post-
encounter orbit does not intersect the Earth's orbit. The

minimum distance between these orbits, which represents

the smallest possible closest approach distance be-

tween the Earth and spacecraft, equals 16,244,000 km.

Figure 18, which contains a plot of geocentric radius as

a function of calendar date, reveals that the spacecraft
will attain a close encounter with the Earth in 1967.
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Fig. 17. Spacecraft celestial latitude vs calendar date
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This pass, to occur on September 8, will yield a closest
approach distance of about 47-million km. Curves of

various heliocentric trajectory parameters for the post-

encounter orbit are given as a function of calendar date

in Figs. 19 to 22. The heliocentric characteristics of

the Mariner IV post-encounter trajectory are shown in
Table 3.

B. Orbit Determination

This section of the report presents a summary of the
orbit results obtained from the Mariner Mars Mission. It

will be divided into six categories.

1. Tracking Data Validity and Usage, containing a

discussion of the high-frequency noise seen on the
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Fig. 19. Heliocentric radius vs calendar date
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doppler tracking data, the actual data weights used

for Mariner IV, and the rationale for using that

weighting scheme

2. The Mariner IV Encounter Orbit Tracking [rom

Encounter (E) - 5 Days to E + 5 Days, presenting

a very accurate encounter orbit and giving both sta-

tistical and non-statistical evidence for its validity

(this orbit referred to as the true encounter orbit)

3. Evaluation of Combined Pre-Midcourse Orbit and

Maneuver Errors, evaluating the combined error,

based on the actual target point and the achieved

target point (a preliminary effort to show how much

of the total errors might have been due to orbit

determination error)

4. Cruise Orbit Determination Errors, including dis-

cussion and plots of errors (predicted target point
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ŗ i
I
i
i
I
I
i
I
I
I
I
i
I

_,ENCOUNTER

I I t I
dAN. MAR. MAY JUL SEPT.

FEB. APR. JUN, AUG. OCT.

1965

I

\II
I
I
I
I
I
t
I
I
I
I
I
I
I
1

[ I I I I I I I I I i i i
NOV, JAN. MAR. MAY JUL. SEPT NOV, JAN. MA_ MAY JUL. SEPt. NOV

DEC FEB. APR. JUN AUG. OCT DEC FEB. APR. JUN AUG, OCT DEC.

1966 1967

CALENDAR DATE

Rg. 22. Earth clock angle vs calendar date

minus actual achieved target point) as a function of

time from midcourse until 10 July 1965 (E - 5 days)

5. Near-Encounter Orbit Errors, presenting the real-
time orbit errors from E - 10 hr to E + 5 hr

6. Conclusions, discussing the known error sources and

giving a brief discussion of future investigations

1. Tracking Data: Validity and Usage

Two-way DSIF doppler data comprised the only data
type used in the orbits described here. Data were taken

continuously during such critical phases of the mission

as pre-midcourse maneuver and closest approach to Mars;

data taken during other phases averaged 24 hr/5 day

(these figures refer to 2-way doppler, only). Data acquisi-

tion was from Goldstone, California; Johannesburg,

South Africa; Woomera and Canberra, Australia; and

Madr'.'d, Spain. The data time span considered here is

from launch (28 November 1964) until 1 October 1965

(E + 2% mo). There is a reasonably good chance of ob-

taining more tracking data when Mariner IV passes by
the Earth in late 1967. These data were coherent

without involving any use of microwave links to achieve

coherency. No observable biases due to equipment were

observed in the data, and the bias due to lack of knowl-

edge of the refraction correction was minimized by

allowing only data above 17 deg elevation in the orbit

fits. High-frequency noise on the data was less than

0.02 cps for doppler counted over 60 sec. At the S-band

frequency of 2295 Mc, this accuracy is equivalent to

0.12 cm/sec error in the range rate of the probe relative

to the tracking station. It was possible to increase this

resolution either by counting over larger counting

intervals (accomplished by data processing of the original

60 sec sampled data) or by multiplying the doppler

frequency to be counted by a factor (for Mariner IV a

factor of 8) before the counting was performed. Thus,

the data noise was generally < 0.003 cps S-band

(0.02 cm/sec) as seen in the orbit residuals. The 0.003 cps
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represents the limiting accuracy of the existing single

precision orbit determination program (ODP) to compute

tracking data. The principal advantage to Mariner IV of

such small data noise is in being able to see biases in the

orbit residuals more clearly. Unfortunately, the physical

model of the universe in the ODP is not exact, and this

fact prohibits making the best use of the data. Since the

ODP takes into account only those error sources formally

implemented in a deterministic solution model and since

the accuracy claimed by the ODP for its answers is di-

rectly proportional to the accuracy the user claims for his

data (assuming that no a priori information is used), the

ODP for planetary cases would give grossly optimistic

accuracy estimates if the input data accuracy estimate

(data weight) were the same as the high-frequency noise

on the data. This has been confirmed by actual experi-
ence with Mariner II and Mariner IV. Furthermore, if

the no a priori answers obtained from tracking data are

combined with a priori constants which have reasonable

associated statistics (such as the AU, station locations,

and the solar pressure coefficients) as is actually done for

most orbits, the a priori constant values will be out-

weighed by the no a priori values. Thus, an error in the

actual orbit itself can be induced by data weights that

are too small. To avoid this as much as possible and to

produce ODP statistics (tracking plus a priori data) that

are reasonable, a semi-arbitrary range rate weight of

cr_ = 3 cm/sec was chosen for 60-sec sampled data. Note

that this is approximately 30 × larger than the noise

seen on 60-sec counted S-band doppler and more than

150 × the noise on the 600-sec S-band data typically
used in orbits. When 600-sec counted data are used

(data points 600 sec apart) the _/N rule is used; this pro-

duces a weight of _ = 8/k/10 _ 1 cm/sec. Essentially,

this weighting scheme assumes that low-frequency biases

due to program insufficiencies and physical model errors

are the dominating error source and that data noise is so

small as to be a negligible error source.

It is obvious that using large data weights to compen-

sate for orbit errors is not an optimum procedure. Un-

fortunately, it is the only one currently available and,
therefore, was used for both Mariner II and Mariner IV.

The error sources for Mariner IV and the planned

remedies for them are discussed under headings 4 and 5

of this section. In the absence of valid statistical descrip-

tions of the orbit solutions, the labeling of solution

parameters with statistical error estimates becomes a mat-

ter of engineering judgement. In making those judge-

ments, particular attention is paid to three factors:

1. The stability of a parameter being solved for when

the conditions of the problem are varied (For ex-

,

,

ample: (a) other important parameters can be frozen
at various values and the effect on the parameter

under test noted, or (b) solutions may be made using

data from a single tracking station. By comparing

several solutions of this type, a definite test can be

made for the presence of bad tracking data.)

The ability of the ODP to predict future measurable
events such as Mars occultation times and future

doppler observables

The ability of the ODP to predict future events

which are not directly observable but which are felt
to be well determined after the conclusion of the

mission (The near Mars orbit is believed to be such

an observable.)

2. Mariner IV Post-Flight-Encounter Orbit Tracking

from E - 5 Days to E + 5 Days

This section presents a representative orbit computed

after the flight on 30 October 1965. The epoch to which

the initial position and velocity were referenced was on

10 July 1965 (E - 5 days).

a. A priori I_ statistics input to the ODP.

1. Geocentric position and velocity of the probe,

_po8 = 10,000 km spherical uncertainty

_vel ---- 10 m/sec spherical uncertainty

a priori values taken from cruise tracking

2. Mass ratio of Mars to the Sun

Crm_lm s = 2%
a priori value 0.32280422 × 10 -6

3. Solar pressure coefficient

cr,+G = 5% _ 5% of the total solar pressure force

of 2 dynes

a priori value for i + G = 1.2067

4. Astronomical unit

_AU = 2,000 km

a priori value = 149,598,500 km

5. Station locations

_po, = 50 m spherical

a priori values from surveys, Ranger results and

pre-Mariner IV encounter solutions

b. Best available encounter orbit. When the solution

was made, the geocentric position changed by slightly

less than 1000 kin, the geocentric velocity by approxi-

mately 1 m/sec, the solar pressure by 0.005%, and the

station locations by less than 10 m. The solutions for
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the AU and mass of Mars with their associated ODP 1_

statistics follow:

AU = 149,597, 470 -*-240.

and m_/,_ = (.322728 -*0.000015) X 10 -6

The encounter orbit parameters follow:

E = Time of closest approach = TCA = 15 July
1965 01 h 0m 58._180 (GMT)

B = 15_251.5 km *-15

B • Tc = 8,141.6 km ___20

B • Rc = 12,896.6 km -*20

Tracking data used in the fit was 600-see counted

doppler data, except that 60-see counted doppler data

were used from E - 4 hr to E + 4 hr. The important

points are discussed in the following paragraphs.

First, in a variety of other encounter orbits, the solu-

tious for the encounter orbit (B, TCA, etc.) and the mass

of Mars remained very stable. The range of values for

the B °Tc and B. Rc components from the values quoted

above was less than 5 km in all eases, the range of values

about TCA was less than 2 see; and finally, the range of

values for "x/_s from the quoted value was less than
0.01%.

Second, for reasons probably connected with the sta-

bility of the single precision computer program, a solution

which included the AU always resulted in larger re-

siduals between computed and observed data than a solu-

tion that did not include the AU. However, the numerical

value of the AU solution fell within a range of 200 km of

the quoted value. It was shown that even if AU were

frozen at a value of 149,598,500 km, which is 1000 km

higher than the quoted solution, the target orbit and

_/'s remained within the ranges given above. This

would indicate, since AU is an ephemeris parameter, that

ephemeris error does not affect the quoted solution sig-

nificantly. Monte Carlo simulation studies, changing the

look-up argument between Universal Time and Ephemeris
Time by 20 see, showed similar results.

Third, even for orbits fitting data from midcourse

through E + 5 days, the range of values about B was less

than 50 km, the range of _r/'_s less than 0.1%, and the

range of AU less than 1000 km. This is surprising because,

in most of these runs, no provision was made to solve for
the Earth-Mars ephemeris errors and because the single

precision ODP is not adequate for making such orbits.

Fourth, the uncertainty in the radius of Mars obtained

by astronomical measurements was approximately 50 km.

The observed enter occultation time of the radio signal

compared very favorably with that predicted by the

encounter orbit and an average value of RM,,_ (3378 kin),
thus indicating the orbit was valid to within 50 kin.

Fifth, it is concluded from the preceding four points,
that the encounter orbit has been well determined and

_t_ t^,^..-_,, 1_ ,,_-._inH_ might reasonably be
attached:

as.to = B" Rc = 20 km

a8 = 10 km

O'Te A = 10 see

amu/,.s = 0.02% of mu/ms

aA_ = 500 km

3. Evaluation of Combined Pre-Mideourse Orbit and

Maneuver Errors

The aiming point for the rnidcourse maneuver made
5 December 1964 was:

B = 12011 km

B'Tc = 6007 km

B. R_ = 10401 km

TCA = 01 h 47 m

The actual achieved target point from computation

under the previous heading was:

B = 15251 km

B- Tc = 8142 km

B-R_ = 12897 km

TCA = 01 h 01 m

Therefore, the errors were (actual minus desired)

AB = +3240 km

AB-T_ = +2135km

AB" R_ = +2496 km

ATCA =-46rnin

The actual error was approximately three-fourths of

the specified la requirement set by the Mariner 1V
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Project. The la requirement on pre-midcourse orbit de-

termination accuracy is given as 2250 km. This error is
hard to assess since the estimated error is a strong func-

tion of AU and solar pressure. However, preliminary
results have shown that an error o£ -t-1,000 to 1,500 km

inB'Tc and an error of +800 km in B'Rc to be the

most likely pre-midcourse orbit error. Much work remains

if more definite numbers are required.

4. Cruise Orbit Determination Errors

Orbits were performed at an average of one per two

weeks during the cruise phase (midcourse to E - 5 days)

of the mission. During the first few months of the flight,

the data were not strong enough to solve for AU so that,

essentially, the AU was frozen at the JPL Venus radar

bounce value of 149,598,500 (±500 km la). Later it was

possible to loosen the a priori on AU somewhat, allowing
the data to participate more fully in determining AU.

Since the solution for AU tended to change somewhat

from week to week, there was a corresponding jumpiness

in the target parameters, which was intensified when,

approximately one month before encounter, the mass of

Mars was added to the solution set. Thus, there was no

set of runs done in real time during cruise that used the

same a priori assumptions.

The plots (Figs. 28 to 25) of real-time orbit errors show

trends consistent with the above procedures in that the
orbits are stable for the first few months and then tend

to jump around late in the mission. Two other curves are

also shown in each o£ these figures. These curves repre-

sent systematic sets of runs done after the end of the

mission in which all a priori conditions were held con-
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stant and data were added in 1-mo blocks. For one set of

runs, AU was frozen at the JPL Venus bounce AU value

of 149,598,500, and the other set AU was frozen at the

value obtained from the Mariner IV encounter fit

(149,597,500). All available features of the program were
used in these latest runs, including improved timing

equations, an improved estimate of the solar pressure

from telemetry, and the use of solar pressure forces in

two components normal to the Sun-probe line. These

K/r_' type forces were needed to approximate the forces

induced by moving solar vanes on the ends of the solar

panels. Since the telemetry measurements of these vane

positions gave better knowledge of the normal solar forces

than was possible by solving for these forces with track-

ing data, the corresponding constants were included in

the trajectory but not the parameter solution list.
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When AU = 149,597,500 km is used, the remarkable

reduction of target prediction error enhances the validity

of the otherwise suspect encounter AU solution. Other

recent results from Venus radar bounce observations give

a result of AU = 149,598,000 km. Therefore, since

_B/_AU = 0.6, it is likely that the real-time AU value of

149,598,500 km produced a target error of from 300 to
600 km.

As for the real-time runs, it is seen that there are errors

of from 500 to 1000 km throughout cruise, even though

the consistency of the orbits is high for certain portions

of the flight.

5. Near-Encounter Orbit Errors (Epoch 0h 10 July 1965;

Tracking Data from Oh 10 July)

This section presents the errors in the orbits performed

starting at closest approach, minus 10 hr. Note that the

errors at that time are roughly those existing at the end

of the cruise plots (Figs. 23 to 25). A priori sigmas were

possibly somewhat tighter on position and velocity than

would seem wise in the light of post-flight analysis.

However, during the mission, there had been no evidence

of an error of the size that actually existed. During the

last 5 hr before encounter, two computers were opera-

ting. One computer was using "_'pos = 500 km and

"b', = 0.1 m/see, while the other used %'po, = 200 km

and "_', = 0.1 m/see. Later, at approximately E -- 1 hr,

both computers used the looser a priori. The errors in

several representative orbits are shown in Fig. 53. Con-

siderably more work will be done in making systematic
runs similar to the two cruise sets of runs described in

the preceding section.

Operationally, the orbit errors during the period from

E - 10 hr through E + 5 hr did not result in any
degradation of the scientific results from Mariner IV

including the television pictures and the Mars occultation
data.

6. Conclusions

a. Adherence to specification. Operationally, the orbit

determination error met the error specifications set by

the Mariner IV project and did not degrade the per-

formance of the mission significantly.

b. Deviation from predicted errors. The orbit errors

during the cruise and near-encounter portion of the

mission were 3- or 4-times larger than had been expected.

40O

ZOO

E

o
rr
h-

_,0o'

n_
0_

_-_o
0
n-

5
-8o6

-I00(
-I0

i
_B'Tc _ !

I I
-8 -6 -4 -2

i
! i

/ i
/

i !
i r

E
I

' i I
I J

E 2 4 6

TIME FROM ENCOUNTER, hr

Fig. 26. Errors in predicting encounter quantities

vs time, Mariner IV

Some of the possible causes, or multiple causes, are the

following:

1. ODP computations are done mainly in single-pre-

cision (8-digit) arithmetic. This cattses some insta-

bility in the cruise orbits but is not a major error

source.

2. Solar pressure forces caused by solar vane positions

were not implemented in ODP until after encounter.
These forces cause a 200-km error.

3. Telemetry data indicated random forces of 0.5% of

the solar-pressure force (or larger) due to valve

leakage from the attitude control system. The leak

rate was found to vary occasionally when a valve

was actuated. From the limit cycle telemetry, it is

possible to verify frequent changes in the leak rate
of 0.5% of the solar-pressure force. The solar-

pressure force averaged 4 dynes on the 260 kg

Mariner IV spacecraft. The time-averaged transla-

tional force due to the total leak rate is greater than

this but very probably no greater than 3% of the

solar-pressure force. Pre-flight measurements of leak

rate on the Mariner IV valves typically showed

leak rates in the range of 0.5 to 2_ of the solar

pressure force. One perc_ent of the solar pressure

force maps into a B-plane error of 200 km.

4. Planetary ephemeris error is a possible error source,

although the ephemerides are believed to be ac-

curate to 400 km (Sa).

19



JPL TECHNICAL REPORT NO. 32-881

c. Difficulty in fitting data. In the light of the above

mentioned error sources, it is understandable that the
cruise data were difficult to fit and that the residuals

should show long-term trends with maximum amplitude

of 0.05 cps S-band (0.3 cm/sec range rate). Taking this

disturbance into account, it is also plausible that the

stability of the cruise orbit results might deteriorate when

two highly correlated effects such as solar pressure and

the AU are solved for simultaneously.

d. Program Jot complete analysis. A definitive analysis

of the Mariner IV orbit errors cannot be completed until

proper computer programs are available to analyze the

data. Such analysis will require the new double precision

orbit data program (DPODP), which is scheduled for

completion in early 1967. In the meantime the investiga-

tion will be carried out with improved versions of the
current ODP. There is considerable doubt as to the extent

to which the attitude control forces can ever be repre-

sented in the solution, even with the DPODP, because of
their non-deterministic character.

e. Solutions for mass oJ Mars and AU. The mass of

Mars and AU solutions are reasonably consistent with

earlier experimenters. In Figs. 27 and 28, bar graph plots

show the various values (by the dark lines) and the

probable errors (by the length of the bar away from

the value line). All solutions except that for Mariner IV
use Venus radar bounce data taken near the Earth-Venus

conjunctions. No value is given for the Mariner II 1962

Venus flight; the definitive Mariner II AU solution will

probably be published in the next year. For Mariner II,
the encounter AU solution was a factor of 25 weaker

than the Mariner IV encounter solution; thus, to obtain

a stronger Mariner II AU solution, the cruise and en-

counter data must be combined in one orbit. The delay in

achieving a high-accuracy Mariner II AU solution has

been caused by difficulties in making the combined solu-
tions. The Mariner IV combined solutions will also be

released within one year. The JPL Venus bounce value,
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Fig. 27. Mass of Mars solutions

which is marked "provisional" (not yet published), is

quoted with the permission of Dr. D. Mtuhleman of JPL.
This solution is considered to be more accurate than the

1961 JPL value since it uses a double-precision computer

program, solves for the Venus ephemeris as well as the

AU, and has data from three coniunctions. The 1961 solu-

tion was in single precision and did not solve for ephem-

eris corrections. All values are for a value of the speed of

light of c = 299792.5 km/sec. The speed of light is

considered to be a defined constant in orbit and plane-

tary bounce work, so that lengths are really determined

in light seconds and are then translated to meters for

more convenient use.
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III. SPACE FLIGHT OPERATIONS

A. Data Recovery and Processing

The data recovered from Mariner IV was, basically, of

two types-tracking and telemetry-which may be related,

primarily, to two phases: (1) the high-activity times of

launch, midcourse maneuver, and encounter; and (2) the

cruise phase. Other periods of high interest will, also, be
discussed.

It was expected that hardware and software problems

would be encountered in this thorough operation of

the SFOF Data Processing System used throughout the

Mariner IV mission; however, the majority of these were

resoh,ed. Certain system anomalies were uncovered and

changes are being incorporated into the design.

1. Science and Engineering Data

From liftoff to antenna changeover, the Mariner space-

craft transmitted approximately 3 X 10 s bits of data back
to the earth. Of these, 107 bits were television data,

97 X 10 '_bits were engineering data, and 193 X 10 '; bits
were science data.

Approximately 98_ of the data transmitted to the SFOF

in real time was processed and logged by the IBM 7040

computers. The IBM 7094 post-processing recovered

approximately 90_ of the available data. The 2_ lost

in real-time processing was due to communication out-

ages and computer outages. The 10% lost by the 7094

post processing was caused, primarily, by the inadequate

assignment of time with data and by the inability of the
edit program to identify preambles.

The Master Data Library (MDL) effort recovered from
99.5 to 10f_'_ of the data recorded at the DSIF stations.

Of the total data transmitted from the spacecraft, about

85_ was actually presented as the MDL; this percentage
includes data missed during the two periods that Station

51 was net tracking the spacecraft, as well as all that lost

as a result of individual station outages.

2. Tracking Data

The number of tracking points taken during the

Mariner IV mission may be estimated from the following
tracking coverage summary:

1. Elapsed time was 807 days between 29 November
1964 and 1 October 1965.

2. Total tracking coverage was approximately 9500 hr,

averaging 10 hr/day per station for three stations.

3. The tracking pattern from launch to encounter com-

prised 1-sec, 10-sec, and 60-sec data. (a) A total of

20 min of data were acquired during the following

periods of each pass: from horizon (rise) to horizon
+ 20 min; at maximum elevation + 10 rain; and at

horizon - 20 min to horizon (set). (b) The 60-sec

data were taken at other times during each pass.

4. Two passes per week of horizon-to-horizon 2-way

data were taken each week per station.

The 60-sec points totaled approximately 550,000; the

10-sec points approximately 320,000; and the 1-see points

approximately 3,200,000. The 60- and 10-sec points were
sent in real time to the SFOF. It is estimated that close

to 1,000,000 points were transmitted to the SFOF in real

time, of which approximately 300,000 were precision

two-way points. The 1-sec points were shipped in non-

real time for Master Data Library post-processing.

3. Coverage

a. High Activity Phases. During the high activity

phases of the mission, redundant systems were utilized

wherever possible. At the SFOF all operational com-

puters were up and on line. Both the 7040 and 7094

computer strings were operated in computer Mode II. _

During the critical phases, the 7094 data processors were

divided between the two computer strings. One 7094 was

used primarily for flight path programs; the second

was used for engineering and science programs. All pro-

grams were loaded into both strings so that an immediate

backup was available for any given program.

Continuous orbit updating was performed from launch

to launch + 20-hr. After that time, orbit updates were

performed approximately every 6 hr up to midcourse

maneuver; then, tracking data monitoring was done on

a nearly continuous basis.

Because of the unreliable performance of the Data

Processing System (DPS) in handling tracking data, it

was decided to back up the DPS by punching cards with

tracking data information. These cards could be read

'Computer Mode II consists of a 7044 (input/output processor)
linked to a 7094 (detailed analysis machine) by a data storage
disk.
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directly into the 7094 Tracking Data Processor (TDP),

and merged with data coming into the 7094 via the 7040.

This backup procedure retrieved much valuable data

that, otherwise, would have been lost in the early hours

of the mission from various malfunctions in the DPS;

during the first 30 days of the mission, only about 10 or

15% of the data were processed through normal channels

(7288 data channel multiplexer with the 7040 and 7094

computers). When the card information was added, this

figure increased to about 85 to 90% of the usable track-

ing data. Corrections made to the mission-independent

editor in the 7094 increased the data recovery to about

85 to 90% through the DPS; it remained at this figure,

or better, throughout the remainder of the mission.

b. Cruise Phase. During the cruise phase, only the

7040 computer was used in real time. The real-time

computer output consisted of: (1) Quick-look formats

for science and engineering, (2) high-speed teleprinter

formats of selected engineering measurements, and

(3) 30 × 30-in. plots of selected science and engineering

measurements. During this time, the 7040 computer also

generated a log tape consisting of all the incoming raw

data. No real-time processing of tracking data was done
in this mode.

The 7094 user programs were run on a production type

operation. The 7040 log tape was removed at 6:00 a.m.

each day and edited by the 7094. Science and engineer-

ing programs were then run on the edited data. The

computer printout was duplicated by document control

and then delivered to the user areas. User program out-

put for a 24-hr period was delivered to the user areas by

noon the day following its acquisition.

During the cruise phase, tracking data monitor runs

were made to validate the tracking data quality approxi-

mately every two or three days. At these times, the track-

ing data file was updated with the new data. Orbit

updates were performed every two weeks during the
cruise phase.

4. Ground Telemetry Subsystem Pedormance

The Ground Telemetry Subsystem for Mariner con-
sisted of the demodulator, the decommutator, and the

TrY encoder. The system performed satisfactorily

throughout the Mariner mission. The output of the de-

modulator was occasionally data bar (compliment of

data), however, the problem was easily corrected by re-

synchronizing the demodulator. The data bar condition

was most prevalent during station acquisition.
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The TTY encoders performed well throughout the mis-
sion. However, two anomalies were observed at the

SFOF: (1) When the station paper tapes were processed

by the Telemetry Processing Station (TPS) at the SFOF,

excessive skew was evident. The skew was generated by
the punches in the TrY encoders at the stations. Me-

chanical readers were not affected by this skew; how-

ever, TPS used an optical reader for increased speed of

reading. (2) During TV picture playback, the TTY en-

, • ___._.. 11.. • W¢o cartage re_ha_n_ intocoder WOUlU occu_lo.any h_c_ " ____

the data stream instead of one. This caused a problem

for the data processing system at the SFOF and it was

necessary to modify the mission-independent editor to
accommodate the situation.

No problems affecting data recovery were encountered

with the decommutator during the mission.

5. Picture Data

During the encounter and the beginning of picture

playback, full data processing capabilities were used.

Both computer strings were exercised, one for flight path

and the other for science and engineering. After the

playback of picture 1, the computer coverage was re-

duced to two 7040s making redundant recording tapes,

and 7094 video processing was performed each morning
at 6:00 a.m.

The 7094 processing of the picture data produced two

outputs. One was a computer printout, and the other was

a magnetic tape.

The 7094 computer printout consisted of a number of

formats that displayed picture data, as well as summary

data, concerning the picture. The picture data were dis-

played in a 200 × 200 decimal element matrix and, also,

in a printout of the binary serial bit stream.

The magnetic tape was written in a manner which was

compatible with the link film recorder.

The above processing constituted the SFO commit-

ment to the Project; however, an extensive enhancement

effort was conducted by Space Science personnel.

6. Occultation Phase

As Mars encounter approached, the orbit determina-

tion effort was increased. Daily orbits were completed

during the two weeks prior to encounter. Continuous

orbit runs were made on one string, and periodic orbit

runs were made on the backup string from closest
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approach - 12 hr to exit occultation. During the occul-

tation period (enter occultation - 30-min to exit

occultation), residual data generated by differencing the

incoming data and predicted data were transmitted to

the SFOF from the Goldstone Echo Site and plotted in

near real-time on the FPAC 30 X 30 plotter. Unexpect-

edly large residuals, from difficulties with the orbital

calculations at encounter, caused part of the plotting

effort to be of limited value; however, it was possible

to verify the existence of the Martian atmosphere and

make some preliminary estimates of its character in near

real-time from observation of the plot. The delay in lock-

ing up the closed loop at Goldstone at exit occultation

made it impossible to plot residuals at that time.

7. Mariner Master Data Library

Since August 1964, an active program was underway

to design, develop, and implement a system to produce

a master library of all data received and recorded during
the Mariner Mars 1964 mission. This Master Data Library

(MDL) would provide the best source of telemetry and

tracking data received and recorded by the DSIF during

the Mariner mission, as well as discrete DSIF instrumen-

tation performance parameters. The primary purpose of

the MDL was to produce a history of the Mariner mis-

sion from which post-flight analysis could be accom-

plished on the spacecraft's subsystems, the scientific

payload, the spacecraft's trajectory, and the performance
of the DSIF.

To afford a more flexible and expedient access to data

comprising the MDL, the system was categorized into

the three data tables-telemetry data, tracking data, and
comment data.

a. Telemetry Data. The MDL telemetry data table

comprised two types of digital-recorded magnetic tapes

generated by IBM 7094 computer programs: Station

Master Merge Tapes and Composite Master Merge

Tapes.

Station Master Merge Tapes. The Station Master

Merge Tapes were generated by the Merge Program for

each Deep Space Station (DSS) and contained the best

telemetry data and ground instrumentation performance

parameters recorded dnring each station's pass. The best

telemetry data available was derived from the three data

sources processed, i.e., the demodulator input, the de-

modulator output, and the teletype encoder output. The

selection of the data source was made by the Merge Pro-

gram based on the data quality and continuity of each
of the data streams within a recorded source.

Composite Master Merge Tapes. The Composite Mas-

ter Merge Tapes, which were also generated by the

Merge Program, contained a continuous and sequential

stream of the best telemetry data derived from the com-

posite of DSIF stations receiving and recording telemetry

data (Station Master Merge Tapes) during each day of
the Mariner IV mission. The overlap of telemetry data

between DSIF stations was eliminated by data source

selection based upon data quality and continuity of each

recorded source. The ground instrumentation perfor-

mance parameters were not contained on these tapes.

b. Tracking Data. The MDL tracking data table was

developed from both real time and non-real time data.

Real-time data (data sampled at low rates, only) were
received from the DSIF stations via TTY communica-

tions into the SFOF and were processed through the DPS
in real time. Non-real-time data (data sampled at both

low and high rates) were received from the DSIF sta-
tions and were, also, processed through the 7094 portion
of the DPS. Both real-time and non-real-time tracking data

were maintained on digital recorded magnetic tapes in

formats compatible with the TDP Program and Orbit

Data Generator (ODG) Program, which were in them-

selves user programs. The raw tracking data, as recorded

on TTY paper tapes, were maintained as part of the MDL.

c. Comment Data. To explain peculiarities and/or
anomalies that occurred in both the telemetry and track-

ing data tables, the supporting flight operations logs and

MDL processing logs were maintained in the comment
data table which was recorded on microfilm. The flight

operations logs consisted of the SFO log and the DSIF

Operations log from each DSS. The history of the MDL

processing was contained in the MDL data processing

logs and the actual telemetry and tracking data which

were printed in tabular outputs. Each type of operations

log, MDL data processing log, and tabulated output was
maintained on separate positive-microfilm records pro-

viding convenient reproduction and access by users.

B. Space Flight Operations Performance

During the launch phase of Mariner IV, the DPS,

which was configured for two Mode II systems, encoun-

tered no problems. Approximately one-half of the period
frcm launch to maneuver was devoted to Mode II pro-

cessing and the other half to Mode IIF processing. The

only significant failure during this period was that the

7040 occasionally had problems processing high-speed

time words, which caused a loss of data synchronization.

:In computer Mode III, the 7044 operates alone.
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Two Mode III computer systems were maintained

throughout the maneuver operation with no significant

problems or failures.

Figures 29 through 32 show the configuration of the

analysis areas provided in support of Mariner IV from

launch through maneuver.

Figures 33 and 34 show the areas provided for support

of Mariner throughout flae erie pha_e aud unHj mis-
sion termination on 1 October 1965.

Four Operations Controllers maintained 24-hr/day

alarm monitoring of the Mariner IV spacecraft during the

cruise portion of the mission. Some of the duties per-

formed by the Operations Controllers were the following:

1. Alarm monitor the incoming real-time data.

2. Notify cognizant personnel should a spacecraft
alarm condition exist.

3. Monitor data condition.

4. When incoming data is not good, determine the

cause, communication line, or computer, and take
corrective action.
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5. See that data distribution by the Technical Assis-

tants is accomplished daily.

6. Update status board daily.

7. Update status phone daily.
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An Engineering Planner was assigned to support the

project throughout the entire mission. The functions per-

formed in support of the Mariner IV mission were:

1. Produce Mariner Mars 1964 Technical Bulletins.

2. Schedule facilities and computers.

3. Maintain flight history chart.

4. Provide inputs to documentation.

5. Provide prelaunch test scheduling and distribution

of test notices.

6. Maintain master file of Mariner documentation.

7. Write Mariner failure reports.

8. Publish daily status meeting minutes.
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9. Act as standby Operations Controller.

10. Assist in maintaining SFO Flight Log.

During the cruise phase, the data processing system

underwent a series of changes designed to increase the

capacity and flexibility of the system. The basic moves
made in this period were the installation of a 7044 in

place of the 7040 in the X string, the modification of the

7094 in the Y string to be a Model II, and the move of

the Data Processing Control Area to the south end of the
Computer Area of the SFOF.

The completion of these moves took place on schedule

and with little or no complication in the performance of

the work. The installation of this equipment was followed

by a period of trial during which many problems were

found in the remainder of the system.

l. Investigation and Correction of Problems

Although some of these problems were still being in-

vestigated and solved, the majority of them were cor-

rected prior to encounter. The week of testing prior to

Mariner encounter revealed many of the problems and

resulted in a concentrated effort to get them cleared up

in time for the encounter; therefore, the week of encoun-

ter produced an exceptionally clean period of operation.
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There were a few minor problems but nothing of opera-

tional importance. At the end of the period, however, one

of the old installation problems recurred. A summary of

the problems encountered during the period of this re-
port follows.

a. Memory errors. A memory driver failure was iso-

lated and repaired in one day. Memory parity errors

appeared frequently on both 7044s. These errors were

apparently cured after a team from the IBM factory in

New York spent a week prior to Mariner encounter work-

ing on both 7044s. During this time, they ran digital and

analog diagnostics and did considerable adjustment of

the memory circuits which affected the more critical

timing of the high-speed memories. At the end of this

period, there seemed to be no more memory parity errors.

The computer system performed very well through en-

counter, but on 15 July there was another memory parity

error on the 7044X. This was followed during the week

of 21-28 July by a series of memory parity errors on

the 7044Y. These parity errors were found to be due to

two bad electronic circuit cards in the memory parity

register. Card replacements corrected the major portion,

if not all, of the memory parity error problems.

Most direct data channel failures were corrected after

a short period of observation and trouble shooting. One

remaining problem was found during the week of 5 July

in an encounter testing period and was corrected after

about 5 hr of down-time during the test.

b. Wiring problem. During the investigation of the

memory parity problem, it was discovered that the com-

puters had not been wired properly to the power lines.

The main source of the problem was the substitution of

the neutral wire of the three-phase power system for a

green ground wire. This caused the computer equipment

frame ground to be noisy, reflecting the voltage drops

caused by the current-carrying neutral wire. The problem
was corrected.

c. Connector wear. A continuing problem had been

the inability of the connectors on the 7242 M-box to with-

stand the constant reconfiguration of the input/output

(I/O) devices. This constant reconnection caused the pin
that retains the shoulders in the connector block to be-

come worn, causing pushed pins and loss of signal con-
tinuity to the device.

d. Other problems. Although there was the usual

amount of routine problems, in addition to those outlined

above, they were of little individual significance. They
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consisted, principally, of such items as data processing

card reader failures which were easily diagnosed, or such

others as tape drive failures; these were corrected easily
and in a routine manner.

A failure of the under-floor insulation of an M-box

ground wire caused the M-box to become nonoperational

and prevent function of the input/output of the 7044s.

This problem, massive in its symptom but subtle in its

analysis, was corrected in about 2 hr.

2. Three-Shift Coverage, 6 July to 6 August 1965

Support of the computer subsystem starting the week

of July 6 included third shift coverage as well as the

usual two shifts. This coverage continued until 6 August.

A third SC-3070 was installed in the Mariner control

center and a 30 × 30 plotter in the Operations Area for
encounter.

No severe problems were met in the I/O equipment in

the User Areas. The I/O operators were scheduled for

continuous 12-hr shifts from 6-9 July (the pre-encounter

test week) and from 12-16 July. The I/O maintenance

personnel were on continuous 12-hr shifts from 6-10 July

and 13-16 July. This coverage, and the spotting of stand-

by equipment in the Operations Area, enabled equipment

changes on almost a minute-by-minute basis, which in
several instances allowed User Areas to remain on-line

w_th virtually no interruption of service.

On 1 July 1965, a short-duration power failure in the

Edison commercial power line caused an automatic shut-

down of all computers. After a short period of waiting

to ensure that the power transient would not be repeated,

the computers were brought back up, diagnostics run,

and the operating programs reloaded. This procedure
took about 1 hr and 20 min.

All communication subsystems within the SFOF sup-
ported the Mariner Mission.

3. Support Services Rendered

The SFOF Operations Support System and the Dis-

play System provided the following assistance to the
Mariner IV mission:

1. Maintenance of electrical and air-conditioning

systems

2. ttandling of space flight data for distribution and

storage in SFOF document control

3. Logging

4. Scheduling

5. Mariner Mission Support Area technical assistance

6. Information display

7. Access control

8. Special services

9. Documentation

Power supply and air-conditioning were maintained.

In order to provide for any emergency situation due to

loss of power, a standard operating procedure (SOP) was
written and authorized. Instructions for handling power

failure in order to minimize a possible loss of data were

given in this SOP to all personnel participating in mis-
sion endeavors.

a. SFOF Document Control. The SFOF Document

Control group provided the following support for the
Mariner IV Mission:

1. Data Accumulation

Magnetic tapes

Station tapes
Master data library (MDL) tapes

Time sequence tape of best data

Station overlap tape of best data

Teletype tapes

2. Microfilm Rolls Processed

16 mm

All computer program printouts
35 mm

Communication center page printout

Oscillograms

3070 printout

SFOF Operations Logs
SC 4020

3. Binder formatted printouts of computer programs

for analysis groups

4. SFOF Operations Log

5. Station logs

6. Sequence of events for both tests and operations

In addition, Document Control handled data distribu-

tion to all the areas of the operation, which were further

distributed by the Technical Assistants. Document Con-

trol provided service for recalling data for any portion of

the Mariner flight upon request.
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Thesystemusedby theSFOFDocumentControlin
supportof the missionperformedsmoothlyand effec-
tively.

Thetypingof SFOF Operations Logs for Mariner was

performed throughout the mission. These logs, which

provided a continuous record of SFOF operations, were

microfilmed for inclusion in the Master Data Library.

Technic*_] A_sistants were provided to Operations

throughout the mission. Among many other things, they

provided computer printout distribution as shown in
Table 5.

MSA bulk data distribution
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The real-time AGC display on the Sanborn Recorder

in the MMSA displayed data from all prime DSIF sta-

tions supporting Mariner.

b. Access Control. The Support Group was supplied

with Mariner-dependent access lists, and communication,

DSIF, and data processing lists of personnel to be given
access to closed areas of the SFOF. The lists were

computer-generated. Badges were issued to 650 people.

Control was maintained during tes_g and acbJa!

operations. Security was enforced at the access desk and

by six guards.

Table 5. Computer printout distribution

EAPM, PAP Power analysis 1

CCAP Central computer & sequencer 1

ACAM, ACAP Attitude control analysis 1

CPPM Communications predictions 1

Plots "

AGCM Automatic gain control

Plots

ATRM Attitude reference 1

Plots

ENGR Engineering data display

SSDM System suppressed data 1"

EPLM Plots (separated) ",P

SIPM Star data, magnetometer antenna dafa 1

Plots

VIPM Variable parameter input

aReproduced copy (81/2 X 11) within 2 to 4 hr.

bUnseparoted.

i

1

1

1

1"

1"

1

2

I"

I

l

a

I"

I

a

I"
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The SFOF Operations Support Group arranged for

special services for the Mariner mission including the

following items:

1. The handling of a special sequence of events

(Appendix D) for encounter.

2. A form for DSN communications coverage.

3. A special telephone directory (300 copies) of

Mariner Mars 1964 mission-dependent personnel.

This directory listed personnel, their titles, SFOF

extensions, and Laboratory extensions.

The SFOF Documentation Group prepared and pub-

lished the documents listed in Table 6 in support of
Mariner IV.

Table 6. SFOF Mariner documents

a. Standard Operating Procedures a. (Cant'd)

SFOF/SOP Title Date
No.

SFOF/SOP Title
No.

M20-300A

M20-302

M20-306

M31-105

M31-320

M40-100

M45-100

M45-101

M45-102

M45-103

M45-110

M45-111

M45-120

M45-130

M45-131

M45-132

M45-133

M45-134

M45-135

M45-136

M45-137

Date

DSIF Predicts Transmission 10/30/64

Punching Tracking Prediction Tape 1/21/65

Mariner Tracking Predicts for Non-DSN 4/2/65

Tracking Stations

Special Instructions for Teletype Patching 9/24/64

Mariner Midcourse Maneuver

Availability of SFOF Conference Nets Outside 10/16/64

SFOF Operations Ai'eas

Computer Operations Power On/Off 4/6/65

Computer Operations: 7040 Computer 10/9/64

Operations

Computer Operations: 7094 Computer 10/9/64

Operations

Computer Operations: M-Box Setup and Channel 10/9/64

Override Switch Setup

Computer Operations: Responsibilities of 10/9/64

Personnel

Computer Initialization: 7040 Initialization 10/9/64

Deck Parameters

Computer Initialization: 7094 Initialization 10/9/64

Deck Parameters

Editor Operating Procedures 10/9/64

Operation of the DPCC: General Responsibilities 10/9/64

Operation of the DPCC: Hardware Preparation 10/9/64

Operation of the DPCC: Software Preparation 10/9/64

Operation of the DPCC: Data Stream Status 10/9/64

Operation of the DPCC: System Start Up 10/9/64

Operation of the DPCC: Data Stream Selection 10/9/64

and Data Identification

Operation of the DPCC: Special DPCC Functions 10/9/64

Operation of the DPCC: System Performance 10/9/64

Monitoring

M45-138

M45-140

M45-200

M45-201

M45-202

M45-203

M45-204

M45-300

M45-350

M70-115A

M72-105

Switching Trap Procedure

Computer Operations: 1401 SFOF Output

Program

TPS High-Speed Modem Setup

Setup for Mariner High-Speed Telemetry

Simulator (PDP-4)

Simulation of High-Speed Telemetry Data

Setup of the Tracking Data Simulator (PDP-4)

Setup for the TTY Encoder

Direction and Coordination During a Mission-

Data Control (DACON)

AFETR Data: Computer Processing

Support Group Duties for Mariner Cruise Phase

Bulk Data Handling and Distribution

b. Engineering Project Documents

No. Title

EPD-122,

Addendum I

EPD-122,

Revision 2

EPD-122,

Revision 1

EPD-122

EPD-173,

Revision 1

EPD-173

EPD-203

Space Flight Operations Plan, Mariner Mars 1964

Space Flight Operations Plan, Mariner Mars 1964

Space Flight Operations Plan, Mariner Mars 1964

Space Flight Operations Plan, Mariner C:

Missions P-70 and P-71

Space Flight Operations Test Plan, Mariner C

Space Flight Operations Test Plan, Mariner C

Space Flight Operations Facility Capabilities

Document for Mariner C

6/25/65

10/12/64

10/12/64

10/12/64

10/12/64

10/12/64

10/12/64

10/12/64

10/28/64

7/12/65

10/12/64

Date

7/5/65

10/28/64

8/17/64

7/15/63

5/11/64

8/1/63

3/2/64
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Table6. (Cont'd)

c. Manuals

Title Date

Mariner Data Processing Manual, Revision 1

Mariner Data Processing Manual

Mariner IV Progress Report No. 4 (Launch -t- 155 Days to

Lcunch + !_n5 D__y._)

Mariner IV' Progress Report No. 3 (Launch + 109 Days to

Launch + 154 Days)

Mariner IV Progress Report No. 2 (Launch + 79 Days to

Launch + 108 Days)

Mariner IV Progress Report No. 1 (Launch to Launch + 80

Days)

Mariner Mars 1964 Quarterly Report for the DSN/SFOF

Mariner Mars 1964 Quarterly Report for the DSN (SFOF)

4/15/65

10/13/64

7/5/65

6/7/65

4/15/65

3/29/65

5/17/65

2/15/65

Space Flight Operations System Design Specifications,

Mariner C

Mariner (111)Mars 1964 Technical Bulletin No. 1

Mariner (IV) Mars 1964 Technical Bulletin Nos. 1 through 307

Original

3/12/64

11/9/64

11/30/64

through

10/4/65

_To consolidate the planning and preparation for the

mission following maneuver, Encounter Planning Groups

were organized and defined. Regular sessions were held

and priorities of effort were established in these meetings.

From the encounter planning activities, test require-

ments were established, using the SAF/PTM/SFO facili-

ties. During the operational readiness tests there was a

SAF/PTM/SFO/DSIF participation.

The appointment of a specific Communications Project

Engineer for Mariner greatly improved the interface

between SFO and Communications. This improved inter-

face accomplished the encounter ground communication

requirement of Fig. 35 with very few problems.

An SFOF Project Engineer supported the Mariner 1V

mission from prelaunch through mission termination.

Provisions supported by this function were: (1) continu-

ous facility hardware status, and (2) implementation of

hardware for both flight operations and test activities.

C. Encounter Readiness Tests

In preparation for encounter, a number of tests were

scheduled involving nominal encounter operations and

possible encounter operations in a failure mode condition

(Table 7). These tests exercised the analysis and opera-

tions personnel in the performance of their duties and

met the objective of developing and maintaining the pro-

ficiency required to participate properly during the
planetary encounter portion of the mission.

Table 7. Encounter readiness tests

J Date

4/13/65

4/15/65

4/20/65

5/4/65

5/4/65

5/27/65

6/3--4/65

6/23-24/65

6/24.-25/65

6/24/65

6/25/65

6/28-30/65

7/6-7/65

7/8-9/65

7/12/65

Description

DC-18 Test

DC-18 Test

Nominal SPAC encounter

Roll position slmulation

Data Mode 4/1 transmission from DSIF 51

Encounter backup mode

Preliminary operational readiness

Command and occultation

Command and occultation

Encounter alternate plan

Encounter alternate plan

Operational readiness

Operational readiness

Operational readiness

Operational readiness

1. Roll Increment Tests

The first test in preparation for encounter involved

the use of De-18 (gyros on inertial control: positive roll

increment). The test was performed on 13 April 1965 and

was conducted from the Mission Support Area (MSA)

using the PTM as the data source. The objectives of the
test were:

1. To familiarize personnel with an encounter proce-

dure that uses De-18 as a backup to observe degra-
dation in spacecraft parameters

2. To familiarize the Spacecraft Performance Analysis

and Command (SPAC) and Space Sciences Analy-

sis and Command (SSAC) personnel with the space-
craft while operating in a simulated radiation field
of Mars

3. To familiarize personnel with the communications

time at encounter, and to perform operations with
this constraint
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4. General DC-18 familiarization with roll position

determination from the down link signal

5. To familiarize personnel with the procedure to be

followed in going from a DC-18 mode to the DC-15

mode of operation

A second DC-18 test was conducted from the MSA on

15 April 1965 using the PTM as the data source. This
test differed from the first DC-18 test in that the DC-18

was used as the primary mode of operation.

A roll position simulation test was performed using

DSIF 11 and the SFOF on 4 May 1965 between 2210
GMT and 0830 GMT. The test was conducted to deter-

mine the effect of spacecraft roll on the ground received
signal.

2. Scan Platform Positioning

In addition to positioning the scan platform during all

the tests involving an encounter sequence, several indi-

vidual scan positioning tests were conducted. All plat-

form positioning tests involved the PTM with the

exception of one which used simulated data transmitted

from DSIF 51. These tests were proficiency tests for the

science operations personnel involved in positioning

the scan platform via ground command.

3. Procedure Verification Tests

A preliminary operational readiness test was conducted

on 3 and 4 June 1965. Simulation and Mariner PTM data

were used for this test. The objective was to verify

the adequacy of encounter procedures and to verify the

smooth operation of all of the interfaces between the var-

ious components of the DSN.

A nominal SPAC encounter test was performed on

9_ April 1965 using the Mariner PTM as the data source

for telemetry and simulating DSIF data and functions.

The test objectives were (1) to determine the feasibility

of the nominal encounter sequence in terms of command

response, timing, and opportunity for thorough evalua-
tion of data; and (2) to offer Mariner operations person-

nel, SPAC, and SSAC an opportunity to familiarize

themselves with the proposed encounter sequence.

A tape containing Mode 4/1 data was sent to DSIF

Station 51, and on 4 May 1965 it was transmitted to the

SFOF. The data transmission occurred during those
hours that the actual encounter data would be transmit-

ted from Johannesburg. The purpose of this test was to

simulate transmission conditions that were closely related

to those occunJng during the actual picture playback
from Station 51.

4. Backup Mode Test

An encounter backup mode test was conducted, using

the Mariner PTM as data source on 27 May 1965 from

1500 to 0000 GMT. The backup mode test measured the

capability of the SPAC and SSAC operations personnel

to respond adequately to failures and/or anomalies oc-

curring during the encounter phase of the Mariner n_-
siom The SAF/ffFM Test Team, at their discretion,

induced failures and anomalies for which it was SPAC's

responsibility to determine the nature of the problem and
make recommendations for corrective action.

5. Tests from Flight Path Analysis Area

Two command and occultation tests were run from the

Flight Path Analysis Area (FPAA) at times shown in
Table 8.

Table 8. Command and occultation tests

Date Start End Time (GMT)

X23 June 1965

24 June 1965

24 June 1965

25 June 1965

X

2000

0445

2000

0445

There were four principal objectives of the occultation
test:

. Checkout the ability of the orbit determination pro-

gram (ODP) to provide predictions with the re-

quired accuracy in Mode 2 and to test the plotting
capabilities of the SFOF Data System

. To verify the ability of the data processing system

of Goldstone to provide computations of occultation

data and open-loop receiver synthesizer settings

. To train the station personnel in the operation of

the open-loop receiver and tape recorder system, as

well as in the special handling of occultation dopp-
ler data

. To establish procedures for rapid reacquisition of

two-way communications in emergency conditions,

using the 100kw Station 13 transmitter
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Two encounter alternate plan tests were conducted on

the following dates:

Date (GMT) Time

24 June 1965 1500-2300

25 June 1965 1500-2300

The encounter alternate plan tests were basically logic-

diagram checkout tests used to establish and verify a set

of telemetry criteria that detcrmined the logical state of

the spacecraft; they also served as a basis for decision

concerning nonstandard ground command action and

deviations from the nominal encounter sequence plan.

6. Operational Readiness Tests

The first operational readiness test was conducted from

0700, 28 June 1965 GMT to 0400, 30 June 1965 GMT.

The objective of the operational readiness test was to

provide verification of the operational readiness of the

combined DSN prior to the Mariner IV planetary en-

counter. The test also verified the adequacy of encounter

procedures and the smooth operation of all the interfaces

between the various components of the DSN.

The final operational readiness test was conducted

from 0700, 6 July 1965 GMT to 2230, 7 July 1965 GMT.

The objective of this test was to verify the operational

status of all equipments, procedures, techniques, and pro-

grams required during the Mariner IV encounter.

An additional operational readiness test was conducted

from 0100, 8 July 1965 GMT to 1300, 9 July 1965 GMT.

The objective of this test was to verify that the Analysis

Areas and the DSN were fully prepared to commit to

support the Mariner IV encounter.

On 12 July 1965 a final operational readiness was con-

ducted. Previous tests had simulated many anomalous

conditions, and the purpose of this test was to perform

an encounter sequence with no anomalous events.

7. Command-Loop Lockup

A number of command-loop lockup exercises were

conducted, starting in April, 1965 with Station 13. These

exercises were conducted to maintain a high degree of

proficiency at all stations involved in the planetary en-

counter of Mariner IV. Table 9 provides tabular infor-

mation of the command-loop lockup exercises.

Data

8 April

28 April

28 April

30 April

12 May

1 June

3 June

16 June

28 June

28 June

30 June

1 July

6 July

6 July

Table 9. Command-loop Iockup exercises

Number of
Station

times

11/13 1

51 1

11 I

42 2

11/13 1

11/13

13

11

51

11

51

11

51

11 1

7 July 13 1

Remarks

Station 13 (lOOkw) transmitter

Station 13 (lOOkw) transmitter,

Station 11 receiver

Station 13 (lOOkw) transmitter

Station 13 (100kw) transmitter

1

1 Station 13 (lOOkw) transmitter

2 Once with each RWV

Using 10kw transmitter
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IV. POST-LAUNCH TESTING

A. Life Test Program

A life test on the subsystem level was a Mariner C

Project requirement. In carrying out this directive, lists

of equipment that should be subjected to life testing were

compiled, and members of the Environmental Require-

ments group worked with the vaiSous _.._2.nt pe._on-

nel to delineate test philosophy and establish general

rules for testing the equipment.

Cognizant personnel outlined minimum test plans

for each unit-for the operating modes, measurements to

be made, instructions for test performance, acceptable

performance, and a format for a monthly status report.

Individual test plans were completed prior to
30 November 1964.

Monthly status and progress reports were submitted

to the Environmental Requirements group-where they

were integrated and, between February and July 1965,

the status of life testing was published each month. Ab-

normal results were reported on detection.

On 3 June, the Spacecraft System Manager's Office

announced the decision to terminate all life testing by

30 July 1965, and final reports on the individual life tests

were called for by 16 August. Subsequently, a decision

was made, jointly with the Voyager Project Office, to

continue testing on the radio and on the Canopus tracker.

A summary of life tests is given in Table 10.

Test item Ref.

Cosmic Dust Detector

Ionization Chamber

(Cosmic Ray Telescope, not

tested)

Trapped Radiation Detector

Magnetometer, operated at

flight temperatures

ISolar Plasma Probe

Data automation system

Planetary scan

Television

Data encoder

Command

24A1

26A1

21A1

25A1

33A1

33A2

33A3

32A1

32A2

32A3

32A4

20A1

20A2

20A3

20A4

20A5

31A1

31A2

31A3

C36

6A1-13

3A1_

Table 10. Summary of life test status

Serial No.

TA

111

TA

TA

2

O

MC-0 }

MC-0

MC-0

MC-0

2

MC-7

TAW

MC-7

3

TA

TA

MC-TAM

3

2

Life testspan

Start End

2/25/65 9/15/65

10/16/64 7/30/65

6/18/65 7/30/65

10/12/64 7/30/65

(Final report

12/22/64 not received)

12/23/64 1

2/12/65

1/23/64 7/30/65

2/12/65

12/23/64

8/24/64 7/4/65

8/4/64 7/30/65

7/10/_ 4/26/65

7/9/64 7/31/65

Regular
reporting,

date of
start

2/28/65

2125/65

2/25/65

2126/65

2/23/65

2/24/65

2125165

2/22/65

3/29/65
i

V_¢.

Test environment

Temperature

Low High Cycling

Observed effects

Failures Degmd_
tlon

x

No data

x

X
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Test item Ref. Serial No.

Radio 2

Tape machine 16A1-5

Power 4A

Baffery" 4A14

Attitude control electronics 7A1

Sun sensors 7PS6

Earth detector 7ED6

Canopus sensor 7CS8

Narrow-Angle Mars Gate 7MG1

Solar pressure control assy. 7PC

Jet vane actuators 7JV

Attitude control gyros 7A2

Central computer and 5A

sequencer

Scan actuator 31A4

Dampers, retarder and 8M1

timer

Science cover latch actuator 31M2

Pyro control 8A1

8A2

Post-injection propulsion

system

• Degradation was normal aging process.

Table 10. (Cont'd)

MC-0

2

02

6

7

8

9

18

002

2

2

004

011

8

Life test span

Start End

1/27/65 7/30/65

8/4/64 2/23/65

8/17/64 7/16/65

2/11/64 11/2/64

2/11/64 4/27/64

8/19/64 5/3/65

5/1/64 12/18/64

11/28/64 7/28/65

6/15/64 8/30/65

6/15/64 5/3/65

5/12/64 6/18/65

12/18/64 7/31/65

5/12/64 4/19/65

10/5/64 8/30/65

2,4,7,32

012

MC-TA

Clll 1

C126

C104

C132

C4

C-Proto

1003 t1004

OO3

8/24/64

4/1/64

411164

1119164

8/31/64

2/10/64

8/30/65

8/6/65

8/15/65

5/5/65

7/30/65

12/30/65

Test environment

Regular
reporting,

date of Temperature
start Vac.

Low High Cycling

2/28/65 x -- x --

X -- X --

2/16/65 x -- -- x

I X X -- --

2/16/65 x -- x --

X _ X --

X -- X --

3/3/65 -- -- x --

1/4/65 ....

2/2/65 ....

x m -- --

2/I/65 ....

3/1/65 -- -- x --

3/1/65 -- -- x --

3/1/65 x -- x --

2/17/65 -- -- -- x

2/11/65

x1/29/65

Observed effects

Failures Degrada-
tion

x x

(some set observed

from long storage)

X --

-- X

X X

-- X

X X

-- X

-- X

X --

B X

m

m
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1. SignificantFindings

Someunits survived during the test period with no

apparent degradation; others showed degradation and/or

failure. The varying degree to which units were affected
is summarized here.

a. Units showing neither degradation nor failure.

Umtte_ed

• • t-J
z°xCCU_

operation time,
hr

Cosmic Dust Detector 5,514

Trapped Radiation Detector 7,033

Data automation system (DAS) 4,800

Planetary scan 3,194

Data encoder 9,000

Attitude control (A/C) electronics 11,000

Earth detector 9,268

Solar vane actuator 5,846

Thrust vector control 7,828

Pyro control 8,256

b. Units showing degradat/on. There were six units

that exhibited some form of degradation during life

test. The reduced performance and probable causes are
described.

Magnetometer. Degradation in the sensor was detected

early in the life test; it was probably due to a defective

lamp and cell that were installed prior to life test and

were not flight acceptance (FA) or type approval (TA)

tested. Implications of this degradation are not dear.

Vacuum operation of the unit disclosed a leak in the

hermetic seal of the infrared detector, which is part of

the sensor; this fact supports the argument for perform-
ing the life test in vacuum.

Television. Slight degradation in picture quality was

detected; this could be the result of overexposure caused
by shutter failure on several occasions. The shutters are

known to be limited life items and were not part of this

life test. (A longer life test might have been helpful in

evaluating the causes of this degradation-)
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Command subsystem. No failures were detected in

8000 hr of life test; the total accumulated time on the life

test unit, including other tests, was 10,800 hr. Only the

voltage controlled oscillator (VCO) frequency exhibited
some drift. The drift was consistent and would indicate

that eventually the parameter would drift out of spec.

It is difficult to estimate precisely the time when this
amount of drift would occur--the cause of which has not

been investigated; a longer life test might have been help-

ful in evaluathtg _1_.......UItlu U_. U_lt..,.

Video storage. On 3 February 1965, after 6 mo of non-

operation, power was applied to the video unit. A record

sequence was initiated, and the run-up and run-down

times of the motor were measured. The run-up times

decreased from 2.15 see on the first picture to 1.95 see

on the seventh and succeeding pictures. The run-down

time increased from 4.65 see to 5 sec after seven pictures.

The conclusion is that the unit did take a set during the

period of vacuum storage; since it was hermetically

sealed and did not leak during test, the degradation must

have been caused by age, not vacuum. How serious a set

would exist after longer periods of storage could not be
evaluated on the basis of this life test because of the test

interruption to facilitate a decision on the Mariner 1V

cover drop exercise.

Narrow-angle Mars gate. Some degradation in sensi-

tivity was observed during the first 20 hr of life test;

however, the unit stabilized and operated without failure

or further degradation for the remainder of the life test

(total operating time, 8210 hr).

Attitude control gyros. Gyro motor bearing wearout

was observed after about 5000 to 5500 hr. As expected,

the high operating temperatures encountered during the
1000 hr vacuum run seem to have accelerated this wear-

out. Lubrication breakdown and subsequent bearing

wear is always accelerated by high operating tempera-

tures. It is suspected that the bearing preload was too

high on these Mariner C gyros; meeting the requirement

on the anisoelastic coefficient may have been the cause

of the sacrifice of some bearing life. The lifetime of the

gyros was demonstrated by this test to more than exceed

the mission requirements, although in general, the life

test gyros' performance was somewhat poorer than was

expected. The additional handling involved with this unit

may account for some of this degraded performance dur-

ing the life test.

c. Units showing degradation and failure. The follow-

ing units exhibited either sudden failure or degradation

leading to failure.

37



JPL TECHNICAL REPORT NO. 32-881

Radio. The life test, begun on 30 January 1965, is con-

tinning on this unit. Some degradation is being observed

in the oscillator circuit but, since the test is continuing,

further analysis is being postponed. The redundant ex-

citer failed after 262 hr on life test; however, this is not

considered life-test failure, since this unit's performance

had degraded considerably prior to life test.

Battery. One failure, resulting from a manufacturing

defect, was detected early enough in the project to result

in a modified FA test procedure. Some qualitative infor-

mation was obtained on the battery's degradation rate as

a function of temperature. Cell voltage was found to be

an adequate parameter for the detection of battery

failures. Degradation was detected on all five batteries

life tested. One other failure was observed during the life

test, but this was considered a normal end-of-life for a

battery operating at an elevated temperature.

The battery is the only case observed during the life

test when degradation in unit's operation parameters

led to a complete failure. The degradation observed on

the gyros may have been another example, but this test

was interrupted before the failure became catastrophic.

d. Units experiencing _ailure. Four units experienced

sudden failures during the life test without earlier detec-

tion of degradation.

Ionization Chamber. The same failure mode experi-

enced by the flight unit was duplicated in the life-test

unit by stimulating it to the high counting rates experi-

enced in flight. Although this was actually beyond the

scope of the test, it illustrates the use of life-test hardware

to support the mission. No failure and/or degradation
was detected that was not the result of the induced
failure.

Plasma Probe. Ort 24 December 1964, after a total

of about 1163 hr, the R-342 resistor failed. This type
of failure is identical to the one that occurred in the

Mariner IV instrument during flight. A life test per-
formed early enough, under operating conditions similar

to those encountered in flight, would have revealed the

design deficiency that caused this failure.

Power Unit. The life test was terminated after 8300 hr

because the 3-phase inverter drew excessive power from

the maneuver booster regulator. The input filter capaci-

tor of the 3-phase unit was short-circuited as a result of

electrolyte leakage through the terminal seals of the ca-

pacitor. This failure mode might have been obscured if

the life test were conducted at ambient laboratory condi-

tions (the unit was tested in vacuum). When the unit was

removed from life test, another failure was detected. This

was a non-catastrophic failure and was not detected dur-

ing the life test. The cause of failure could not be dis-

covered but some mishandling (during manufacture) of

the failed part (2N1016D transistor) is suspect.

Central computer and sequencer (CC&S). All life test

failures observed appear to be mechanical in nature and

may be the result of TA testing. Briefly, these failures

consisted of two corroded jumper wires, two corroded

component leads, one cracked diode, one broken unit of

prepackaged magnetic wires. Outside of these, the unit

performed without any failure or degradation for

10,000 hr.

It should be pointed out that the temperature cycling

during the life test may have been responsible for such

failures as those detected in the prepackaged magnetic

wires, as well as the cracked diode. However, since the

unit was subjected to a severe TA test which may have

contributed to these failures also, the actual cause cannot

be determined.

e. Ground Support Equipment Problems.

Canopus sensor. Sole failure reported against the life

test sensor resulted from damage caused as a result of

ground support equipment (GSE) failure. Unit accumu-

lated 5831 hr of operation.

Sun sensors. No failures and/or degradation was de-

tected after 7765 hr of operation. The test equipment was
less accurate and stable than the sensors, causing faulty

parameter drift information.

Mechanical devices. No problems with the actual hard-

ware were encountered during the test. Some problems

with the GSE were experienced. The science cover sole-

noid and the scan actuator operated without any detect-

able failure or degradation. The long term oil leakage

test performed on the dampers was not very successful

because of the problems with the GSE. However, the

measured weight losses indicated that the outgassing was

in such small amounts that any effect on spacecraft per-

formance would be negligible.

38



9

2. Summary of Significant Interruptions

a. Building power failures. The following subsystems

reported several interruptions to the life tests resulting

from building power failures:

Data encoder

Command subsystem

Radio

Power subsystem

Attitude control electronics

Sun sensors

Earth detector

Canopus sensor

Narrow-angle Mars gate

Attitude control gyros and gyro electronics

b. Thermal�vacuum system problems. The life tests of

the following units were interrupted as a result of a

thermal/vacuum system problem:

Magnetometer. On 27 and 28 January 1965, repairs

were performed on the vacuum chamber, resulting in a

36-hr interruption to the life test. (This was not a very

severe interruption since, at the beginning of each week,
the unit was removed from the vacuum chamber to

check the lamp and cell ignition voltage of the magne-

tometer sensor.)

Plasma Probe. Test was interrupted on 1 January 1965

because of vacuum problems. Life test was not resumed

until 20 February 1965.

Radio. The pump system in the vacuum chamber

failed on 25 February 1965. Test was interrupted until
1 March 1965.

Power subsystem. On 5 June 1965, the temperature

control system of the vacuum chamber failed, causing the

temperature of the unit to reach 250"F at one tempera-

ture monitoring point (see P/FR 7825 for details).

Scan actuator and support; dampers, retarder and

timer; science cover latch actuator. One of the major

objectives of this particular life test was the detection of

slow oil leaks from the hydraulic devices. To accomplish

this, small condensing mirrors were placed in strategic
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points throughout the chamber. These condensing mir-

rors could be used to detect traces of oil by measuring

the changes in their optical properties. However, the

master valve controlling the flow of liquid nitrogen to

the entire Environmental Test Laboratory, where the life

test on this unit was performed, was accidentally closed,

resulting in backstreaming of the condensible material

from the cold trap into the chamber and contaminating
the mirrors.

c. Life test operations support equipment (OSE)
problems.

Sun sensors. Several days of life tests were lost due to

abnormalities in solar simulator operation and building

power shutoffs.

Canopus sensor. On 12 April 1965, problems with OSE
power supply caused a transformer in the tracker to
burn out.

Narrow-Angle Mars Gate. Planet simulator power sup

ply failed and had to be replaced.

d. Test interruptions for mission support activities.

Ionization Chamber. Special tests were performed to

investigate the flight failure.

A/C electronics. At one point in the life test, the unit

was withdrawn for use in the investigation of a flight

spacecraft problem.

Tape machine. The life test of the tape machine, which

consisted of storage in a controlled thermal/vacuum envi-

ronment, was terminated prematurely to investigate pos-

sible problem areas which may have been encountered

by the Mariner IV unit.

e. Interruption for radiation tests. Life tests on the

planetary scan, the television, and the Narrow-Angle

Mars Gate units were interrupted to allow special radia-

tion tests to be performed.

f. Interruptions from various causes.

DAS. The DAS was initially placed on life test

23 December 1964 using two MC-1 real-time (RT) trays

(20A2 and 20A4). After 990 hr of life test, the MC-1 RT

failed and was removed for evaluation. The MC-7 (TA)

RT was installed in place of the failed unit and the test

was resumed on 14 February 1965.

39



JPL TECHNICAL REPORT NO. 32-881

Television. From 4 September 1964 to 8 September

1964, there was a shutter failure. From 12 September 1964

to 21 September 1964, a shortage of personnel to conduct

life test caused interruption of testing.

Battery. All life tests prior to August 1964 were con-

ducted at atmospheric pressures because of the unavail-

ability of vacuum facilities. From 16 August 1964 through

19 August 1964, life tests on batteries 6 and 9 were inter-

rupted to place units in vacuum chambers.

A/C gyros and gyro electronics. The A/C gyros and
associated electronics underwent a series of tests which

were considered as phases of the life test. Going from one

phase to the other resulted in some short interruptions.

g. Life tests reporting no interruptions.

Cosmic Dust Detector

Cosmic Ray Telescope

Trapped Radiation Detector

Solar pressure control assembly

Jet vane actuator

CC&S

Pyrotechnic control subsystem

Post-injection propulsion system (PIPS)

3. Recommendations for Future Programs

a. Central test facility. An examination of the sum-

mary of significant interruptions to the various life tests
reveals that most of these were the result of either build-

ing power shutdown or test facility failure. Indeed, the

objectives of one life test (mechanical devices) were not

fully realized because of a facility failure. These facts

would suggest that future life tests be performed under

more controlled test conditions with stringent safety con-

trois and constant, transient-free, power sources.

An efficient solution to this problem would be to pro-

vide a central test facility for all life tests, which would

give the following advantages:

1. Only one constant-power, transient-free source

would have to be provided.

2. Economy, with respect to the number of trained test

personnel necessary to operate the facility, would
result.

3. Supervision and rigid control of the necessary safety

provisions would be provided.

4. A central location for test equipment having long

mean time between failures, as well as the special-

ized facilities necessary for their maintenance,

would be provided.

5. Interference of life tests with other test activities

that might be going on at the same time would be

prevented.

Almost mandatory to an efficient operation of such a

facility would be the provision of automatic test check-

out equipment for the hardware on test. This not only

would minimize the test personnel necessary to staff the

central test facility but, also, would minimize the danger

from mishandling and operator error during the equip-

ment checkout procedures.

Continuous monitoring of the hardware on test, either

by technician or automatic equipment, is always desir-

able in detecting and analyzing intermittent and/or

periodic failures. Automated checkout equipment is the
more efficient and, in most cases, the more economical.

b. Central data storage and analysis. A central data

storage and analysis area would contain all test histories

for an entire test program and would provide easy access

to all needing such data. Such a library would facilitate

the comparison of related effects and the analysis of

these effects.

c. Selection of life test units. To provide data on the

flight units, the life test units should resemble the flight

units as closely as possible. Any incidents in the history
of life test units that would not normally be experienced

by the flight units, and the effects of which on the life
test units cannot be fully evaluated, should be avoided.

The use of TA units, which have undergone a wide range

of tests more severe than the FA tests, is not ideal be-

cause the effeet of the TA environment on the life ex-

pectancy of the test items cannot be fully evaluated. For

example, the observed cracked diode in the CC&S may

have been the result of the temperature cycling during

life test or may have been the result of TA testing.

The use of more than one unit for the life tests would

be a great aid in the analysis of the effects observed

during life tests and would, also, provide a better sample

from a statistical viewpoint. Effects peculiar to a spe-

cific unit, but not typical of the hardware design, can
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"be eliminated more easily. On the other hand, time-

dependent effects that are typical of the flight equipment

will become easily recognizable when exhibited by more
than one test unit.

d. Use of thermal/vacuum facilities. The desirability

of using thermal/vacuum facilities has been demon-

strated during the Mariner C life tests by the significant

number of failures and degradation which would not
_fft--ve been .1.... _Aa _ _1_,_ lff_ t_t_ were verformed at

ambient laboratory conditions. Good examples of these

failures and/or degradation are the ones occurring on

the Magnetometer, the power subsystem, battery, and the

A/C gyros.

e. Desirability of performing life tests in space simu-

lated environments. In general, it is desirable to minimize

the number of unknown effects contributing to the unit's

degradation and/or failure. Since it is important to evalu-

ate the hardware's ability to perform its mission, and
since insufficient data were obtained to validate accel-

eration techniques, it is most desirable to duplicate, as

much as possible, the mission environment.

Accelerated testing may be a valuable tool ff enough is

known about the acceleration process. If the acceleration

process is not properly understood, more may be ob-

scured by an accelerated life test than revealed by it.

However, when only short periods of time, relative to

mission duration, are available for life testing, the use of

accelerated techniques may be unavoidable; but the life

test in such a circumstance becomes simply a tool for the

generation of hardware failures in the hope that signifi-

cant design deficiencies would thus be revealed.

f. Radiation environment. The experience with the ion

chamber suggests that it may be possible and desirable

to simulate a radiation environment which will be expe-

rienced during the mission and to subject test units to it.

Life test may be the proper place in which to evaluate the

effects on hardware of prolonged exposure to radiation.

g. Digital electronics. To aid in the detection of degra-

dation and the analysis of failures, some provisions

should be made on digital electronics to perform 'param-

eter" measurements on vital test points throughout the
unit.

h. Life test scheduling. Life tests should be performed
early enough so that results may be implemented in the

final hardware design.

4. Conclusions

Reporting on failures of life test units has been con-

fined here to those failures resulting from inherent equip-

ment weaknesses that, in ham, were caused either by

improper manufacturing procedures or by the use of

defective components.

Overall test objectives of the life test program were

achieved: that is, (1) the analysis of such performance

effects as degradn_Oon a_ a function of time, (2) the iden-

tification of critical failure modes and influences of space

environments, (3) the support of inflight problem diag-

nosis, and (4) the provision of test information indicating

the nature and extent of flight hardware deterioration.

In addition, there has been an accumulation of experi-

ence and useful data that will aid in conducting future
tests.

B. Electron Radiation Tests

The effects of possible radiation hazards to be encoun-

tered by Mariner IV at the time of encounter with the

planet were investigated.

Tests _ were conducted on several Mariner C electronic

subsystems with a Dynamitron accelerator at fluxes in the

range 1 x 10 r to 2 × 1011 eleetrons/em2-sec, and energy

levels of 0.5 to 2.7 Mev electron energy.

Aluminum or copper foils were placed in the beam

path upstream from the test item to scatter the beam uni-

formly (±20%) over the bombarded subsystem surface.

Each subsystem exhibited a repeatable circuitry failure
threshold. The failure thresholds were rather insensitive

to either the electron energy or integrated flux, but they

were very dependent on the flux rate; Failure thresholds

for the subsystems tested ranged from 8 × 10 s to

6 × 109 electrons/cm2-sec. One subsystem was found

to operate satisfactorily in a flux as high as 5 × 101°
electrous/cm2-sec.

JPL became concerned with the effects of electron

radiation on Mariner IV subsystems when R. Davies, a

radio astronomer from Jodrell Bank, England, reported
that his observations of radio noise at 21 cm showed that

Mars had a brightness temperature of l140*K. Since the

infrared (IR) temperature of Mars is 250"K, this sug-

gested that Mars had radiation belts several times as

strong as those of the Earth.

aTests were conducted at C,eneral Dynamics Convair, San Diego.
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Consequently, an electron testing program was begun

on those Mariner IV subsystems that were judged to be

most susceptible to radiation, that were critical to the

mission, and that might be ground controlled in such a
manner as to avert disaster ff their radiation sensitivities

were known. The systems chosen for testing were: (1) the

Canopus star sensor, which is a sensitive electro-optical

instrument containing a special photomultiplier tube;

(2) the data encoder, a complex electronic switchyard

that prepares the scientific and engineering data in

proper format and sequence for telemetry; (3) the plane-

tary scan platform, a wide-angle optical sensor whose

purpose is to point the narrow-angle television camera

lens at Mars; (4) the television system; (5) the narrow-

angle Mars gate (NAMG), a narrow-angle Mars detector

used as a back-up start for the television camera; and

(6) the gyro and attitude control system.

1. Environmental Estimates

a. Earth's Van Allen belts. The electron flux in the

outer Van Allen belt at approximately four Earth radii

was measured by Explorer XIV during the 5 mo from

October 1962 through February 1963 (Ref. 3). Typical
omnidirectional fluxes in the heart of this zone were:

Jo (E > 40 key) = 3 X 10' electrons/cm2-see

Jo (E > 230 key) = 3 x 108 electrons/cm2-sec

Jo (E > 1.6 Mev) = 3 X 105 electrons/cm2-sec

Temporal variations were observed to raise and lower

the above values by as much as a factor of 10.

b. Estimated radiation belts at Mars. With the as-

sumptions that Mars had a magnetic field and that the

electron flux on Earth and Mars was equal at points of

the same field strength, rough estimates of the radiation

belts of Mars were made based on assumptions of strength

of the Mars magnetic dipole momer_t. Since at the begin-

ning of the investigation the moment of Mars was not

known, early estimates of the Mars radiation belts were

highly conjectural. If the Martian magnetic moment were

less than that of the Earth, then it was expected that the

spacecraft would encounter fluxes less than 8 X 10 r
electron/cm2-sec at Mars. H. R. Anderson made an esti-

mate based on various assumed MartiarL magnetic mo-

ments; the containment power of the magnetic field gives

extreme upper limits of electron fluxes through which

Mariner IV would fly, as follows:

Condition

Max. omnidirectional flux

(E, > 2 Mev)

1.2 X 109 electrons/cm2-sec

1.2 X 1011 electrons/cm2-sec

Since Mars was expected to have a magnetic moment

< 10% of Earth's (M_ < 0.1 M_), it was considered

highly unlikely that the spacecraft would encounter
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Fig. 36. Electron radiation test setup
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electron fluxes as large as 1.2 × 109 electrous/cm_-sec;

rather, they were expected to be < 3 × 107 electrons/
cm2-sec.

2. Test Activity

ao Apparatus. Figure 86 shows the geometry of the

test setup. The electron beam from the accelerator may

be stopped by the pneumatically operated Faraday cup,

allowing the beam current to be preset to the requiaed

test value. The scattering foils are 24 in. apart; their

function is to broaden the beam spatially to cover the
test item with a uniform electron flux. The four carbon

shutters could be moved into, or out of, the beam to

achieve a rough control over the beam intensity at the

test surfaces. During the test, vacuum in the chamber
was maintained at 10 -5 torr or below.

The shape of the beam after scattering was determined

by driving a Faraday cup across the vacuum chamber

with a screw mechanism and monitoring the collected

current with an electrometer driving a strip chart re-

corder. Several flux maps obtained in this way are shown

in Fig. 37, together with roughly fit Gaussian curves. The

flux distribution was shown to be symmetrical about

the beam centerline by traverses below center, hori-

zontally, and at 45 deg from vertical. The curves were

taken with one foil only in a traverse across the center
of the vacuum chamber 26 in. from the foil. Similar

curves were obtained by using two foils as shown in
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Fig. 86. It was found that changing the position of the

carbon shutters did not change the curve shape, within

experimental accuracy.

It is apparent that the single aluminum (Z = 13) foils

are useful electron scatterers for this test only below

1 Mev. Accordingly, two copper foils (Z = 29) were used

for the higher energies. The lower Z foils were used when-

ever possible because the bremsstrahlung or X-ray pro-

duction, as well as the scattering ability, ri_es as Z"

(Ref. 4).

With the test geometry described above, directly

measurable beam fluxes at the subsystem surfaces
varied from 107 electrous/cm2-see to a maximum of

2 × 1011 electrons/cm2-sec. The low fluxes were attain-

able only at lower electron energies where corona dis-

charge inside the accelerator beam tube was not

excessive. The upper flux limit is determined by accelera-

tor stability at low energies and by the beam current

that will bum a hole through the foils at higher energies.

Electron energies from 0.5 to 2.6 Mev were used in the

test. Flux monitoring was achieved by using a Faraday

cup mounted adjacent to or, ff possible, on the front
surface of the test item. The flux measurements are

estimated to be accurate to within -+-20%. Electron

energies quoted in the test results are corrected for en-

ergy loss due to foil traversal. Taking into account the

energy spread due to foil-induced straggling and the ac-

curacy of the measured accelerator voltage, the electron

energies are accurate to roughly 10%.

The subsystems were mounted in their magnesium

flight cases with the beam incident on the flight case.

At the thinnest portions of the case, the electrons had to

penetrate about 0.6 g/ern 2 of magnesium, with loss of

about 0.8 Mev. Note that the Canopus sensor, planetary

scan preamplifier and motor, television preamplifier and

optics, and the NAMG are not protected by a flight ease.

A nominal 0.2-Mev electron energy loss occurs in pene-

IxalJng the respective aluminum shields.

The test items were mounted inside the vacuum

chamber on an adjustable aluminum pedestal and plat-

form. With the exception of the planetary scan, television,

and NAMG subsystems, the test items were located 39 in.

from the last scattering foil. The above noted exceptions

were mounted in the chamber center 26 in. from the foil,

so as to utilize external optical stimuli. The subsystems

were connected by 35-ft cables to the OSE located

outside the accelerator target area.
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b. Test procedure. Following exploratory test runs on

the Canopus sensor to determine general areas of mal-

function, the procedure was to initially irradiate the sub-

system at 0.56 Mev for 20 min at a flux of 108 electrons/

cm2-sec. This was chosen as a flux/energy combination

yielding a conservative simulation of radiation levels that

the spacecraft might experience during the encounter

sequence. The program was then to increase fluxes by

approximately half-order-of-magnitude steps (pausing at

each level for subsystem checkout by the cognizant en-

gineer), until a malfunction ensued or maximum accelera-
tor flux was reached. The electron energy was then

increased and the flux values again stepped through.
Whenever a malfunction occurred, the beam flux was

adjusted downward in small steps in order to ascertain a

threshold flux level for malfunction. The subsystem was
also monitored after each malfunction to determine if

permanent damage had occurred. Monitoring was done

by moving the retractable beam stop in to intercept the

beam. Subsystem recovery was then evidence that RF

fields, power-line loading or other phenomena associated

with operating the accelerator were not responsible for
the observed behavior.

3. Results

Figure 38 is a plot of the malfunction thresholds ob-

served for the various subsystems. The various modes of

malfunction are presented in Table 11.
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Fig. 38. Radiation thresholds of malfunction for

various subsystems in test

Subsystem

Canopus sensor

Data encoder

Planetary scan

Television

Narrow-Angle

Mars Gate

Gyros and

attitude control

Table 11. Subsystem failure modes

Radiation-induced

failure mode

Decrease in roll error

saturation voltage below

___2.0 v

Null voltage offset

Apparent star intensity

increase with no star

in view

Commutator sync loss

predominant at energies

below 1 Mev

Demodulation lock loss

above ! Mev

Event counter change of

state

Switch from Mode 1 to

Mode 4 at flux of

5 X 10 _°

Unprogrammed scan

direction reversals

Failure to generate planet

in view signal

Failure to carry out

programmed search mode

White spots on the picture

associated with transients

on the video llne

Switch to fast exposure

speed

Increased noise level

causing grayish back-

ground

Decrease in picture

resolution

False planet acquisition

only at high energies and

fluxes

No anomalous behavior

found

Damage recovery

Star tracking ability

regained immediately fol-

lowing beam cut off (Front

lens element was darkened,

degrading transmission by

35% after an inferred total

dose of 3000 r.)

Immediate recovery follow-

ing beam cutoff

Recovery achieved after

about 20 min for medium

flux levels (up to 12 hr for

flux levels of 101° )

Recovery following high

flux bombardments

achieved after about 20 to

30 rain

Immediate recovery fol-

lowing beam cutoff

The Canopus sensor was the only assembly tested

capable of giving an analog performance output corre-
lated to the electron flux. The other subsystems exhibited

a go�no-go type of behavior. During irradiation of the

sensor, a simulated Canopus star was swept back and

forth across the sensor's field of view. The position of
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the star was indicated by the potentiometer signal, which
was used to drive the X-axis of an X-Y-Y recorder. Inten-

sity and roll error voltages were simultaneously plotted

vs the roll position of the star. The roll error voltage

is a signal proportional to an angular displacement
(-1 deg _ 0 < 1 deg) of the star from a plane going

through the optical axis of the sensor and roll axis of the

spaceea"aft. Disphcements between _ 1 to 3 deg give satn-

rated roll error outputs, while displacements > ±3 deg

are out of the field of view. A plot of u_'L_sat'aratcd "-v,

maximum roll error signal as a function of electron flux

is shown in Fig. 39 for an irradiation at 2.25 Mev. The
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Fig. 39. PerformMnce of the roll error signal under

radiation with electronics at 2.25 Mev

10

maximum roll error voltage varies between + 10 and
-- 12 v. Loss of roll attitude control occurs when the maxi-

mum roll error signal falls below 2 v. Figure 39 shows

that this point is reached for 2.25 Mev electrons at an
electron flux of 4 X 109 dectrons/cm_-sec. In addition,

we note a sizable offset in the star null position voltage

at fluxes greater than 109. The polarity of the null offset
was a function of the direction of the incident radiation

with respect to the sensor. Consequently, null offset

vo!_ges were expected to be less of a problem in an
omnidirectional flux field.

The star intensity signal was also monitored. It was
found that when there was no star in the field of view,

an apparent star intensity signal was produced whenever
electrons were incident on the sensor. Furthermore, it

was found that when this apparent star-intensity signal

reached six times Canopus brightness, the roll-error

signal peak had dropped to the 2-v control loss level.

Plots of the apparent star intensity for no star input vs

radiation flux rate are shown in Fig. 40 for three electron

energies. In this ease, the electrons are incident 32 deg

from the normal to the top of the sensor. This direction,

which permits the electrons to reach the photoeathede

while traversing the minimum absorber thickness, was

predicted to be the most sensitive direction to eause a
radiation-induced failure. In the final analysis, however,

there was no preferred direction of incidence. The ener-

gies shown on Fig. 40 are electron energies upstream

from the 4-mil eopper scatterer. About % Mev should be

subtracted from the quoted energy values to give the

electron energy at the sensor surface.

The Canopus sensor exhibited the only pemmnent

damage degradation of all subsystems tested. The front

10 2
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[] 1.5 Mev 32 (leg FROM TOP
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6 X CANOPUS IS THE POINT

AT WHICH ROLL ATTITUDE
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i012

Fig. 40. Apparent star intensity for no star input
vs radiation flux rate
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lens element was darkened, degrading transmission by

35%. The darkened element was made of flint glass and
the integrated dose was estimated to be 3000 rad.

Note that the data encoder malfunctioned at electron

energies which could not penetrate the flight case, indi-

caring that bremsstrahlung produced by the electron

deceleration in the scattering foils and the flight case

contributes significantly to the system's radiative degra-

dation. Such bremsstrahlung produced in the scattering
foils acts to make this test more conservative.

The planetary scan subsystem was checked for its ability

to search for, and lock onto, a simulated planet located

outside the vacuum chamber, and to generate a planet-in-

view signal. In this case, the planetary scan sensor

generated an error signal when the planet was off the

sensor axis. The error signal applied to a servo loop

resulted in driving an electric motor in the direction re-

quired to keep the planet centered in the field of view.

As Table 11 shows, failures occurred in all the opera-

tional modes monitored. A phenomenon peculiar to the

planetary scan and television subsystem was the long

recovery time after each failure induced by the radia-

tion. This was found to be due to a slowly decaying

radiation-induced noise level in the p-n junction sensor.

Radiation sensitivity to electrons was energy independent.

The television camera was focused onto a test pattern

outside the vacuum chamber during irradiation. A de-

crease in picture resolution, grayish backgrounds caused

by increased noise level in the preamplifier, and large

transient pulses on the video signal line were seen. The

large pulses caused white spots to appear on the tele-

vision picture and were, also, responsible for switching
the camera to a fast exposure speed. The threshold

failure level was 5 × 109 electrons/cm2-sec, independent
of the electron energy.

The narrow-angle Mars gate was found to malfunc-

tion only in relatively high flux fields at energies above

2.5 Mev. The sensor is a cadmium sulfide photoconduc-

tive cell that simply changes resistance with incident

light level. A two-transistor trigger circuit comprises the
remainder of the circuitry. The failure modes were

the appearance of a false planet-in-view signal at the

flux levels shown in Fig. 88 or, at lower fluxes, the in-

ability of the gate to drop out after the Mars simulator

was switched first on, then off.

The gyro and attitude control circuitry was the only

subsystem that was totally unaffected by the electron

irradiation as far as we could detect by overall system

performance checks. It is felt that this is mainly due to

the fact that all the amplifiers used a very high degree of
feedback.

Except for the darkening of the Canopus sensor optics,
there were no effects that could be attributed to a cumu-

lative radiation dose.

4. Summary

The extent of the bremsstrahlung produced by the

electron beam in the scattering foils and its effect on

the electronic subsystems is, at present, an unknown

factor. However, the bremsstrahlung does act to make

the test conclusions conservative. Rough bremsstrahlung

measurements have subsequently been made, under

contract," in a somewhat similar irradiation geometry.
The dose and flux measurements were also made in a

plane 26 in. from a 4-mil copper scattering foil. It was

found that for electron energies lower than 1.7 Mev, the
dose rate due to foil bremsstrahlung was < 1% of

the dose rate due to the electrons, alone. However, the

ratio was seen to increase rapidly to a value of 14% at

1.95 Mev, which is the high energy limit of the contracted

facility; so the region above 2 Mev was not explored.

The accumulated radiation dose given to the items

in this test is higher by several orders of magnitude than

the accumulated dose intercepted by Mariner IV in

traversing the Van Allen belt, the solar wind, and cosmic
radiation. The tests indicated that the Mariner IV space-

craft should be capable of operating reliably and con-

tinuously for at least 1 hr in electron flux fields of

109 electrons/cm_-sec at electron energies between 0.5

and 2.7 Mev. Since this flux was much higher than the

practical predictions of Martian trapped radiation fluxes,

the project decided not to modify the nominal encounter

sequence. The wisdom of this decision was borne out by

the charged particle and magnetic field measurements

made by Mariner during fly-by. The Mariner measure-

ments detected no trapped radiation belts, and the

Martian magnetic moment was shown to be < 3 × 10 -4
times that of the Earth's.

C. Electromagnetic Interference Test Activities

Three tests were performed in the electromagnetic

interference (EMI) area during this post-launch period.

One of these tests, the RF signature test, had been

*At the Statitron facility of Atornics International, Division of
North American Aviation, Inc., Canoga Park, California.
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waived during the test operations because of limited

time available; the results were expected to benefit
future spacecraft programs, but were not considered

mandatory for a successful Mariner mission. The second

of these tests was performed to verify that peak power

RF levels expected to be encountered on the launch

pad and during the launch phase would not deteriorate

the spacecraft pyrotechnics. The third test investigated the

_noise that had been observed in space chamber PTM

tests when the attitude control gas jets were energized.

It had been feared that ff the noise appeared during the

encounter sequence, some commands or information
would be lost.

Two tests that were suggested to the Project Office for

further investigation of possible problem areas were not

performed. These two tests were: (1) a complete umbilical

and separation connector transient test and (2) high-
voltage tests that would simulate breakdowns of accumu-

lated voltages on the spacecraft/shroud configuration.

The tests were not performed because it was felt that

the information gained would not be directly applicable

to future spacecraft programs.

The test of RF noise at the transmitter frequency was
not performed because it could not be carried out with-

out disturbing the flight configuration. Its performance

would not yield valid results ff the flight configuration

were changed, and no other test method was devise&

The problem was one of making a noise measurement in

the presence of the transmitted high-level RF signal.

1. Spectrum Signature Test of PTM

No major problems were encountered during the PTM

spectrum signa_re test. A frequency range from 80 Hz to

10 GHz was surveyed while the PTM was operated in the
cruise mode. The cruise mode was chosen for this test

because a majority of the spacecraft functions would be

active at this time. The encounter mode, in which the

science systems would be in operation, would have been

preferred, but that mode could not be kept on for the

total test time. Results of this test will be useful in plan-

ning test requirements for future spacecraft programs.

Measurement was made of the RF environment to

which the spacecraft was subjected on the system test

complex; this measurement may be valuable in determin-

ing Voyager program RF environmental test levels.

The RF contribution by the spacecraft was also mea-

sured. The exact level generated by the spacecraft could

be of importance-for example, in the event an electro-

magnetic measurement experiment were included. Such

a measurement could be severely restricted by the am-
bient RF level; in such a ease, the measurements must

be made with the spacecraft in a shielded enclosure that

has a low ambient RF level. Since adequate facilities

were not available at the time, a complete measurement
of the spacecraft RF levels was not made.

A spectrum signature measurement, a Mariner program
_,a tho v-r_ bet:w.ee.n_ __1 and 30requirement, was m,_ue on .......

April 1965. The findings will be directly applicable to

the Voyager program. The results will be used to prepare

allowable limits for electromagnetic radiation output

from future spacecraft, and the measurement of radiation

present on the spacecraft may aid in the design of

radiation-measurement experiments to be carried on the

spacecraft.

A block diagram of the test configuration is shown in

Fig. 41. The antennas were positioned 10 ft away because
a closer distance would not allow some of the more

directive horn antennas to view the complete spacecraft.

The spacecraft was first conditioned according to the

following list, though not necessarily in the order shown.

1. Spacecraft power on

2. Simulated solar power, Mars mode

8. Data encoder Mode 2 (8½ bits/see)

4. Radio: traveling wave tube, TWT (power ampli-

fier A), exciter A, transmitter high-gain, receiver

low-gain antenna, RF power up (DC-8)

5. DC-1, cruise on, encounter with scan inhibited,
DC-24

N

BUILDING

WALL

.,,,,,,__BAyPTM (MOUNTED

ON TEST

FIXTURE)

S

IO fl . ANTENNA

ND TRIPOD

WALLS _

k,- BUILDING

WALL

Fig. 41. Block diagram of test configuration
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6. CC&S: L-2, L-3, set for attitude control; MT-7 set

to turn encounter science on

7. Attitude control: Sun gate, dc power; DC-15 and
DC-18 in effect

8. Video storage: 2.4-ke power on (not recording)

After the spacecraft was conditioned, it remained in

this mode of operation while measurements of the

radiated electromagnetic fields were made. The noise

and field intensity meters and associated equipment were

operated in a normal manner to make the measurements.

The measured voltages at the receiver input were later

converted to field strength.

The greatest problem was identifying the source of

radiation. Because of space limitations in the shielded

room, it was not possible to perform the test there. As a

consequence, the test was performed in a location that

has a certain ambient electromagnetic field not contrib-

uted by the spacecraft. Signals from local stations and

some other sources can be identified by monitoring the

received signals with earphones. These signals were not

recorded. The remainder, however, may not necessarily

be assumed to be due to the spacecraft. When the mea-

surement of a frequency band or set of bands on the

receiver was completed, the spacecraft was turned off,

OSE was left on, and the ambient field was measured.

In some cases, the reading had increased by a few db

for this measurement. This is typical in a normal un-
shielded environment because of variation in man-made

and natural radiation, so it caused no concern. However,

any spacecraft fields lower than the ambient cannot be
measured.

Because of various other commitments of the space-

craft and test team, the spacecraft configuration was not

exactly the same during each day's testing. However,
deviations were not considered to be serious.

The results are presented in Figs. 42 to 45. With each

graph of RF noise measured with the spacecraft on, there

is a corresponding graph of RF noise measured with the

spacecraft off, but with as much OSE on as possible. In

some cases, it can be seen that the spacecraft contributed

little or nothing in excess of the ambient noise level.

In other cases, it appears that the spacecraft reduced the

ambient noise level; in fact, the variation of the ambient

could be on the order of ___5 db, which makes interpre-

tation of signals near the ambient very difficult. In the

frequency region of 1 to 10 GHz, the ambient noise level
was low and was not measured.
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Fig. 42. Spectrum signature, dipole probe

In the frequency region 50 kHz to 1 MHz and near

10 MHz, the spacecraft apparently emitted broadband

RF noise above the ambient noise level. In the frequency

region of 50 to 300 MHz, much more broadband noise
was recorded with the spacecraft on than with the

spacecraft off; more continuous wave (CW) signals were

also generated. In the frequency region 1 to 10 GHz,

four signals were obviously the first harmonic (funda-

mental), second, third, and fourth harmonics of the

spacecraft transmitter (2295 GHz). Near these harmonics
were apparent sidebands, spaced primarily at intervals

of approximately 4-150 MHz on either side of the
harmonics.

The noise amplitudes shown in the figures are in db

above 1/_v/m (CW) or db above 1/zv/Mc/m (broadband)

because they are the standard units used in electro-

magnetic compatibility (EMC) and in standard EMC

specifications.
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2. RF Simulation Test With Peak RF Power Densities

The purpose of this test was to determine the effects

of peak RF simulation levels on the spacecraft pyro-

technics. Some of the RF levels had not been used during

previous testing because average power levels had been

employed. One other test with live pyrotechnics and

RF simulation had been performed on the PTM space-

craft on 4 and 5 May 1964. That test employed an

S-band RF generator that provided a radiation of 100 w

from the spacecraft omni-antenna. The shroud was both

on and off for that test. No pyrotechnics had been deto-

nated or showed any degradation. Reservations had been

expressed, though, on the validity of the test because two
of the RF sources simulated were simulated with an

average CW level instead of the peak level. To increase

the confidence on the test safety margin, the test was

performed again on 16 April 1965 using peak power

density levels.

Continued revisions of the RF simulation levels using
information obtained after the first PTM test determined

that some of the RF levels would now be lower in magni-

tude and that two of them, Atlas pulse and rate beacons,

would be greater. Decision was made that the higher

Arc_AZUSA I r
RADAR TRANSMITTER _.J
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LA 24330 I [
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Fig. 46. Simulation equipment

level in all cases should be used. Therefore, the test levels

used were those used previously, with the exception of

the levels for the Atlas rate and pulse beacons. The simu-

lation levels, antenna distances, etc., are shown in Table

12, and the simulation equipment setup is shown in Figs.
46 and 47.

No pyrotechnic devices were activated by the simula-

tion sources during the test. The pyrotechnics were ex-

amined and no degradation was observed in either the

pinpuller or midcourse motor valve squibs.

3. S-band RF Noise Measurements on PTM in

Spacecraft Assembly Facility

The objective of this test was to determine whether

noise at the spacecraft receiver frequency observed

during space chamber tests on the PTM was still present
when the attitude control gas valves and other functions

were actuated. If noise had been observed, methods were

to have been investigated that would determine how to
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Rg. 47. Modulation source for Atlas TM-1

and Agena TM sources
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Table12.RFsimulationtestparameters

Electromagnetic interference
sol/rc8

Agena radar transmitter (FPS-16)

Atlas Azusa radar transmitter

Atlas guidance track subsystem

transmitter

Atlas guidance rate subsystem

transmitter

Command destruct transmitter

r-mquency,
Gc

5.690

5.060

Classified

Classified

Classified

Atlas telemetry No. 1

Atlas Azusa transponder

0.2299

5.000

Atlas guidance track subsystem

transponder

Atlas guidance rate subsystem

transponder

Agena telemetry

Agena transponder average source

Agens transponder peak source,

500 pps

Classified

Classified

0.2_3

5.765

5.765

Antenna

power,
mw

Antenna
and

gain

159.0 Horn"

15 db

2000.0 Horn

10 db

252.0 Horn

15 db

25.2 Horn

15 db

173.0 Half-wave

dipole

2.14 db

87.2 Half-wave

dipole

2.14 db

35.8 Horn

15 db

200 Horn"

17 db

0.06 Horn"

17 dE

26700.0 YAG1

Y103-N

12 db

6.28 Reflector &

Horn feed

24 db

540 W Horn

259 MW 10 db

600 pps

0.8 Fsec

Antenna to spacecraft
distance

Required
meters

1.414

1.5

2.9

1.85

Actual
measured

meters

!.4!4

1.Sm

1.5

2.9

1.85

Antenna
azimuth

Po_trer

de.s_y
required,

mw/m 2

100.0

795.0

640.0

64.0

2.52

1.26

40.0

795.00

0.25

4000

32.0

126,000

Power density (actual)
based on calculations

using actual power
antenna & distance,

row/m:

100.0

795.0

640.0

64.0

2.52

1.26 c

40.0

795.0

0.25

40OO

32.0

126,000

•One antenna for two sources.

bPe¢ JPL Procedure CM 409.00, p. 14.

elt was not possible to set the antenna for this source at the required 3-m distance. A 1.5-m distance was used and a 6-db pod was used to decrease the antenn_

power accordingly.

minimize any injurious effects during the encounter. The

test was performed in the spacecraft assembly facility

(SAF) because of the requirement that the PTM be

available for backup tests during the flight of Mariner IV.

The frequency translation system of the S-band re-

ceiver was used in conjunction with a magnetic tape

recorder, and a frequency band of 120 kHz centered

about 175 kHz was recorded during the test. The tape

recording was subsequently analyzed; apparently some

change had been made to the spacecraft, or a change in

the test configuration had occurred, since no noise was

observed during the test or in the subsequent analysis

of the tape recordings.
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During the PTM space simulator mission tests, the

omni-antenna output was monitored for the presence of

noise in the spacecraft receiver frequency to comply

with the test and operation plan requirements. Low-loss

foamflex coaxial cables and a duplexer were used to

connect the omni-antenna output to the EMI receiver

console. At various times during the 10-day period of the

test, measurements were made and some predetection

magnetic tape recordings (in a bandwidth from 25 to
300 kc) were made of the omnidirectional antenna

output. It was determined that when the valves were

operated, noise bursts were observed with the test re-

ceiver. The noise was recorded, and later analysis of
one of the longest bursts indicated that the level exceeded

the allowable maximum noise level by approximately
20 db during the 50 msec of its occurrence.

It was requested that tests with the PTM spacecraft

in the space chamber be performed to determine more

fully the noise characteristics and effects on the space-
craft receiver at encounter. Some objectives of this test

were: to determine the mode of noise generation, to

determine the magnitude of the noise at the spacecraft

receiver input, and to arrive at a method of living with

the noise bursts if they occurred during encounter.

Certain radio tests during gas let firing were suggested
to determine adverse effects. Because the noise bursts

were not observed with a horn antenna, even at a close

proximity, the radio tests were not performed.

Because of the requirement that the PTM spacecraft
be maintained in a ready condition for Mariner IV

backup exercises and investigations prior to encounter,

the PTM was not placed in the space simulator for the

noise measurement test. An analysis had shown that a

test performed in the SAF would yield a more sensitive

noise receiver system sensitivity than the test configura-

tion at the space simulator. Therefore, the requirement

that the PTM remain in SAF did not adversely affect the

noise test-except for the possibility that the simulated
space conditions would be a factor in the creation of the
noise.

a. Receiver system. The S-band noise measurements

were made with a sensitive receiver. The noise receiver

configuration is shown in Fig. 48. The noise receiver is

a double conversion device with stable oven controlled

local oscillators. A parametric amplifier with a low-noise

figure is used for the spacecraft receiver frequency. Two

preselectors are used, one for the center frequency and
one for the spacecraft receiver image. The second IF

frequency (at 9.56 Mc) is inserted into the receiver. The

receiver final IF magnitude at 455 kc is measured with
a vacuum tube voltmeter.

The system noise temperature for a test configuration

in SAF is lower than for a configuration in the space

simulator (Appendix B). The system temperature in the

SAF configuration is calculated as 945°K, and it is calcu-

lated as 81880K for the space simulator. Although the

space simulator walls are cooled by liquid nitrogen,

the long coaxial cable length with several db of loss

causes that configuration to yield a higher system tem-

perature. The differences in receiver system temperatures

yield a sensitivity margin of 5.3 db, and since it is more

difficult to conduct a test in the space simulator, the SAF

configuration was preferred.

b. EMI noise receiver calibration. During the survey

period, the noise receiver was calibrated with the S-band

calibrator unit. This unit included a crystal oscillator

encased in an oven-controlled stable temperature chassis.

The basic crystal frequency was multiplied up to the

spacecraft receiver frequency, and the calibrator power

output was monitored with a thermistor and a micro-

wave power meter. Part of the power was diverted

through a directional coupler and attenuated by pre-

cision variable and fixed value attenuators. The output
calibration RF level was a stable, known value, since the

signal path had previously been carefully calibrated. The

power supply and power monitor leads were well filtered,

and the calibrator case was an integral casting with a

tight fitting RF gasketed cover. The variable attenuator

dial had been calibrated in position vs attenuation, and a

chart listing dial position vs output power was used in
the calibration.

The calibration technique was to determine the 3-db

sensitivity level of the noise receiver and to observe that

the frequency read on the noise receiver was correct.

Before the tests were started on each day, the gain of

the S-band noise receiver was adjusted and the noise

figure was measured. This process was repeated halfway

through the test and, also, at its conclusion. The receiver

remained stable throughout its operation with a noise

figure of essentially 3 db.

c. Predetection recording. The frequency translator

system placed the S-band receiver frequency for the PTM
at 175 kHz. The bandwith of interest was 120 kHz cen-

tered about 175 kHz. The tape recordings were taken to

the Data Analysis Laboratory for analysis. The analysis

immediately available was one using a wave analyzer
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that required a tape slowdown by a factor of eight. With

a 20-Hz bandwidth filter, a resolution of 160 Hz at the

original frequency was possible. There existed a limita-

tion with the wave analyzer; the cutoff frequency was

25 kHz and this would correspond to an original fre-

quency of 200 kHz. The data were then analyzed in a

bandwidth of 175 (+25, -60) kHz. Since this data reduc-

tion was to be merely a preliminary analysis, the cutoff

would be acceptable. It was hoped that an analysis could
later be made of the entire band.

The magnetic tape recordings made during a series of

valve actuations, Sun gate initiate commands, etc., were

analyzed and calibrations were placed on the tape re-

cordings; these included discrete S-band CW calibrator

RF levels, an ambient 50 f_ termination, and a gas tube
noise source.

d. Measurements in SAF. The measurements were

performed using the spacecraft omnidirectional antenna

and a portable S-band horn antenna. For tests with each

antenna, the following attitude control functions were
actuated:

1. Yaw and pitch valve firings clockwise (cw) and

counterclockwise (ccw)

2. Roll ccw

3. Initiate Sun gate

4. Canopus sensor on

No noise was observed when the spacecraft omnidirec-

tional antenna was used (this would be the noise intro-

duced into the spacecraft receiver). After a period of

testing, a horn antenna (with 15.9-db gain at 2113 Mc)

was set up on a tripod approximately 4 ft from the space-

craft. Again, the several functions were actuated. Only
one possible noise burst was observed, but it could not

be repeated. Since it was not repeatable, its origin was

attributed to some other cause not found. A light-weight

horn antenna (with similar gain) was then used to probe
about the spacecraft as individual elements were ener-

gized: the several valves, the Sun sensor, the Canopus
sensor, and Case VII. No noise bursts were seen. The

horn antenna, connecting cable, and receiver were veri-

fied to be working when the background noise level
varied with antenna orientation.

Although no noise bursts were observed visually on an

oscilloscope at the EMI S-band receiver output, a tape

recording was made during the series of valve actuations,
Sun gate initiate commands, etc.

The results of the analysis for six separate spacecraft

events were available a few days before encounter, and
an examination of the results seemed to indicate no

apparent discrete noise components. The analysis of the

magnetic tape was performed at discrete occurrences of

the noise test, but it was difficult to determine the exact

time of each spacecraft occurrence. This experience

indicates that ff future tests of this type are performed,

instrumentation will be required that will place an event

marker on one of the tape recorder data channels at
the time of its execution.

e. Conclusions. Since no noise bursts were observed

in these tests and some had been observed with the PTM

in the space simulator, the following reasons may account
for it.

1. The vacuum environment is required for the noise

to be generated.

2. Any noise, however small, when in the space simu-
lator, is reflected efficiently into the omnidirectional

antenna. This is not the condition for a spacecraft

in free space, of course.

3. Some change in spacecraft hardware or configura-
tion between the two tests eliminated the noise

generation.

D. Magnetic Stability and Demagnetization Tests

While the Mariner solar panels were successfully de-

magnetized for the flight spacecraft, their magnetic

stability remained an uncertainty. Because of this lack

of information, limited magnetic tests were scheduled

subsequent to the Mariner IV midcourse maneuver on

TA solar panels and on the complete PTM bus.

In the first tests conducted in February and March

1965, two TA solar panels were subiected to vibration

tests and storage for periods of four weeks in controlled

environments in both the magnetized and demagnetized
conditions. The tests on the PTM bus were conducted

during a week in May followed by a second week in

August 1965. In the earlier tests, attempts were made to

demagnetize the spacecraft in the presence of the Earth's

field, while in the latter tests, the ambient field was

reduced by more than an order of magnitude using a

special coil system.

1. Solar Panel Magnetic Stability Tests

The solar panel stability study, which had as its

primary purpose a determination of the stability of the
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flight solar panels during Munch operations and inter-

planetary cruise, was conducted in four phases:

1. Determination of the effects of vibration in the

presence of an ambient magnetic field

2. Storage of a demagnetized panel in the Earth's
field

3. Storage of a demagnetized panel in a low-field
envirom_ent

4. Storage of a magnetized panel in a low-field en-
vironment

The vibration tests were conducted to indicate what

the effects of launch might be on the solar panels due to

vibration in the Earth's field as enhanced by the presence

of the launch vehicle and umbilical tower. Unfortunately,

the degree of similitude is not good. The vibration levels

in these tests are higher, and the ambient field is be-

lieved to be more than an order-of-magnitude higher

and very- divergent. Vibration fields as high as 10 gauss

were measured near the solar panel when it was mounted
on the vibration exciter. The field of the launch vehicle

and umbilical tower is not so well known. Limited

measurements indicated that the magnetic field at launch
is only slightly more than the Earth's field, alone.

The vibration tests disclosed that magnetization of the

solar panels was entirely independent of the frequency of

vibration over the range of testing (40 to 2000 cps). A

magnetized panel appeared less stable than a demagne-

tized panel when shaken on the vibration exciters. The

residual magnetization acquired by the demagnetized

panels was consistently the same, whereas the magne-

tized panel, when shaken, ended with a residual mag-

netization that appeared to bear no relation to either

the initial magnetization or the shaker field. It appears

that the resultant, residual field of a demagnetized panel

following vibration is entirely a function of the ambient
field from the vibration exciter and the orientation of the

panel in the ambient field. The solar panels, with their

Kovar strips and wires principally parallel to the long

axis of the panel, became magnetized to a considerably
higher value with the field in this axis. It was found that

the solar panel residual magnetization followed a typical

magnetization curve, with satttration occurring at about

20 gauss (which is the expected value for Kovar). In the

region of the Earth's field magnitude, the field at

the magnetometer would be about 2 _.

The storage tests indicated that a demagnetized solar

panel is relatively stable when stored either in a low

(< 100 _) field or in the Earth's field. A magnetized

(penned) solar panel, on the other hand, definitely loses

its magnetization with time when stored in a low-field

environment. Earlier measurements made on solar panels

transported between Pasadena and Cape Kennedy also

showed negligible change in field over a period of several

months. For these low-field tests, the panel was stored

both in a magnetic shield room and in a single-axis

spherical coil system; because of the size of the solar

panels, the ends of the panels were exposed to somewhat

higher fields; however, changes ha thc residual magne-

tization of the solar panels was negligible in all cases

except the stored magnetized panel.

From the above study, it can be concluded that the

magnetic field due to a demagnetized solar panel should

not change during interplanetary cruise, but could

change a limited amount on launch. It is estimated that

the change of field of each solar panel on launch would

be less than 2 _, even under worst-case conditions.

2. Proof Test Model Bus Demagnetization Study

Time did not permit a demagnetization of the
Mariner HI or Mariner 1V bus structures before launch.

With the successful demagnetization of the solar panels,

there was renewed interest in the possibilities of de-

magnetizing the remainder of the spacecraft; so a study

was scheduled on the PTM spacecraft. A 1/20 cps alter-

nating, decreasing field was used for the spacecraft

demagnetizing to avoid inducing damaging voltages in

the spacecraft circuitry.

The first week of the study consisted of attempts to

demagnetize the spacecraft in the Earth's field. Demag-

netization was attempted in successively increasing initial

field steps of 5, 10, 20, 40, and 80 gauss in each of three

orthogonal axes. The Z axis component of the spacecraft

field, which is the predominant one, was decreased in

steps from 301/_ down to 17 _. At each initial field level,

the spacecraft was demagnetized in two perpendicular

axes in the X-Y plane, followed by mapping, and in the
Z axis with the order alternated at successive levels. Even

though the initial field was doubled at successive levels,

the change in remanent field was less in the instances

where successive demagnetizations were in the same axes,
than when the initial field was the same and the orienta-

tion of the demagnetizing field changed. This indicates

that it will probably be necessary to demagnetize a

spacecraft in more than one axis, except where the de-

magnetizing field can be aligned with the residual mag-

netization of the spacecraft.
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Following this partial demagnetization, it was con- 
cluded that the saturation level of some spacecraft 
material, such as the hard magnets, had not been 
reached and that, in order to further demagnetize the 
spacecraft, it would be necessary to reduce the ambient 
Earth's field. This latter course of action was followed 

Fig. 49. Mariner X-Y plane demagnetization facility 
with Earth's field bucking Helmholtz coils 

in August 1965. Available 10-ft-diam Helmholtz coils 
were adapted to encompass the spacecraft demagnetizing 
fixture. For demagnetizing in the X-Y plane, the demag- 
netizing coil axis was oriented in the magnetic north- 
south direction and two pairs of Helmholtz coils were 
arranged to buck out the vertical and north-south corn- 
ponents of the Earth's field (Fig. 49). With this arrange- 
ment, the ambient field over the volume to be occupied 
by the spacecraft hiis structure wzs redgcec! to < 4090 -1, 
or almost an order of magnitude. 

In demagnetizing in the Z axis, a single pair of 
Helmholtz coils were inclined so as to oppose the total 
Earth's field (Fig. 50). Over the large volume of the 
spacecraft, this arrangement reduced the ambient field 
to < 3000 y. In these latter tests, demagnetization was 
only attempted at initial field values of 40 and 80 gauss. 
The improvement in field reduction at 80 gauss was very 
slight. For optimum demagnetization, it was necessary to 
demagnetize in three axes. By this means, the PTM 
spacecraft bus was demagnetized so that the remanent 
field at the magnetometer location was reduced to 
H ,  = -4, H ,  = 0, H ,  = 4% 7. In the course of these 
tests, the spacecraft was magnetized by exposure to 
fields of 25 and 50 gauss. The spacecraft acquired a much 
higher residual magnetization when magnetized in the 
Z-axis direction. Following this magnetization, the re- 
sidual magnetization could be reduced to its minimum 

Fig. 50. Demagnetization of PTM spacecraft in z axis with Earth's field bucking Helmholtz coils 
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value by a single demagnetization in the same direction

as the earlier magnetizing field. Table 18 smnmarizes the

results obtained with the Mariner PTM spacecraft. In

the magnetized case, the sign is dependent on the direc-

tion of the magnetizing field.

Table 13. Mariner C PTM residual field at Magnetometer

Condition of PTM spacecraft

Before demagnetization +2½

After 40F demagnetization in Earth's field --4½

After 801" demagnetization in Earth's field --4_6,

After 4017 demagnetization in low ambient --5_

After 80F demagnetization in low ambient --4

After 251_ magnetization X-Y plane --41

After 50I' magnetization X-Y plane .1.72

After 25I" magnetization Z axis "1"2

After 50F magnetization Z axis --10

"t-3½ ,+301h

0 ,1,19

--1/2 .1.17

0 "1"4

0 -I- 4_

--32 "1"12

--68 "1"29

•1"27 .1.132

--51 --205

E. Proof Test Model, Usage and Disposition

1. From I to 8 December 1964

PTM spacecraft operations during the period 1 through

8 December 1964 were devoted to support of Mariner IV

mideourse maneuver preparations and problem analysis

resulting from the loss of Canopus acquisition, when the
DC-27 command was transmitted at the start of the first

midcourse maneuver attempt. Specifically, the tests were:

1. An SFOF mideourse maneuver practice test

2. An SFOF midcourse maneuver using command

tapes prepared for the proposed maneuver to verify

accuracy of the tapes

3. A series of tests designed to aid analysis of the
Canopus loss that occurred at the start of the first

midcourse maneuver attempt

4. An investigation of Canopus sensor susceptibility to

power system transients

a. SFOF midcourse maneuver tests. A simulated mid-

course maneuver test was conducted on 1 December 1964

to provide practice and procedure verifcafion for the

operations team. Spacecraft operating time was 2.9 hr.

As a simulated problem, a shorted squib was inserted in

each half of the pyro harness. Spacecraft operations were
completely normal.

The second SFOF midcourse maneuver test was con-

ducted on 3 December 1964 to provide practice for the

operations team and to verify the accuracy of command

tapes prepared for the MC-3 maneuver. Spacecraft

operating time was 2.7 hr.

The midcourse maneuver was performed by the PTM

spacecraft with commands supplied by the SFOF mid-

course tapes. All maneuver and burn durations and

polarities were verified by measuring the responses of

the PTM. No simulated problems were introduced and

spacecraft operation was normal.

b. Maneuver abort problem investigation. An investi-

gation of maneuver command sequence responses was

conducted on 4 December 1964. Spacecraft operating
time was 6.5 hr.

Objectives of the investigation were to examine pos-

sible explanations for the loss of Canopus acquisition at
the instant that the midcourse maneuver counter was

started by a DC-27 command and to develop procedures

for circumventing another maneuver abort ff acquisition
loss was found to be inevitable.

Three maneuver sequences were completed with

Canopus intensity adjusted to the lower limit. Three at-

tempts failed to cause loss of acquisition. But it was

likely that sufficient torque was produced to cause loss

of Canopus acquisition if the flight spacecraft roll were

at a limit of the roll cycle. The sequence was repeated

with positive and negative roll errors introduced and

again with occasional gas valve operation. Canopus

acquisition was not disturbed on the PTM spacecraft.

To establish corrective procedures to recover acquisi-

tion, if lost at the time of the DC-27 command, six varia-

tions of the proposed roll command sequence were tried

to determine the effect on the spacecraft. Repetitive roll
increment commands were issued at short intervals with-

out inducing unusual response from the spacecraft.

Acquisition was accomplished immediately after roll

increment commands. All of the procedures attempted

were successfully completed with no apparent spacecraft

problems induced in the PTM.
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c. Canopus sensor noise susceptibility test. A Canopus

sensor noise susceptibility test was conducted on

8 December 1964. Spacecraft operating time was 1.1 hr.

The objective of this test was to determine the sensitivity

of the Canopus sensor to power system transients gener-

ated by attitude control gas valve operation. This test

was conducted in support of analysis of Canopus acqui-

sition loss during cruise conditions on 7 December 1964.

Transient conditions were induced with the Canopus

sensor adjusted for various roll error and intensity

adjustments.

Results of the tests were entirely negative. Canopus

acquisition was not disturbed by power noise transients

produced by any combination of gas valve operation or

gyro on commands.

2. From 9 December 1964 to 11 February 1965

The period from 9 December 1964 through 11 February

1965 was primarily devoted to preparations for the early

encounter exercise performed by Mariner IV on 10

February 1965. A series of tests was conducted to investi-

gate anomalies observed in the functioning of Mariner IV

and to support SFOF early encounter investigations prior

to the actual performance (see Fig. 51).

The test sequence follows:

1. A science investigation of the Mariner IV Plasma
Probe failure mechanism

2. A television encounter

3. An attitude control investigation of gyro turnoff

delay reduction, as a function of Canopus acquisi-
tion loss interval

4. A science cosmic dust investigation

5. A radio investigation of suspected Mariner IV

carrier suppression change, caused by the flight
data rate switch from 331/3 bits/sec to 81/3 bits/sec

6. A system verification test

7. A science subsystem to OSE computer and 83.3 kc
interface verification

8. A computer data system data reduction demonstra-

tion for Surveyor personnel

9. A series of three SFOF science command sequence
verification tests

10. Five SFOF scan platform positioning tests

I

a. Plasma Probe noise test. To determine the effects

of an arc in the high voltage circuit, a science Plasma

Probe noise test was performed on 11 December 1964.

The purpose of this test was to determine if the sus-

pected failure of the high voltage bleeder resistor in the
Mariner IV Plasma Probe could adversely affect en-

counter experiments.

High voltage arc simulation was achieved by connect-

ing a spark gap across the Plasma Probe cup, to ensure

arcing when the voltage stepped to the highest levels.

b. Television encounter. A television encounter was

performed and encounter data were examined for evi-

dence of interference due to arcing. The noise bursts

caused the data automation system to issue an erroneous

motor stop-start command to video storage and also pro-
duced interference in the form of a television picture line

displacement. Data automation system synchronization

was disrupted occasionally and the data encoder skipped

a 200-deck position when Data Mode 2 operation was

attempted. Spacecraft operating time was 3.4 hr.

c. Attitude control Attitude control examined the gyro

turnoff time delay following Canopus acquisition as a
function of the duration of the loss of acquisition. The

purpose of this test was to improve the explanation of

results noted on Mariner IV flight data following brief

losses of Canopus acquisition.

Results of the test demonstrated that a brief loss of

acquisition will result in a turnoff time delay of less than

3-min duration and that a very short acquisition loss

interval did not turn on gyros.

d. Cosmic Dust Detector. Science conducted a Cosmic

Dust Detector calibration test during 5-6 January 1965.

Mechanical preparations were completed during the

period 28 December 1964 to 4 January 1965 to put

the spacecraft in complete flight configuration, except
that dummy solar panels were installed.

The test consisted of dropping shot on the spacecraft

bus, Case IV, and on the dummy solar panels, while

observing the output of the Cosmic Dust Detector. Ob-

jective of the test was to verify sensitivity and calibration
of the Cosmic Dust Detector as related to particles

striking spacecraft surfaces. During the test the Cosmic
Dust Detector was operated from an external source;

no other spacecraft systems were turned on.
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e. Radio carrier suppression test. A special radio test

was conducted on 8 January 1965 to determine ff the
change of data encoder data rate from 33½ bits/see to

8% bits/sec could be detected by a ground station as a

change in radio carrier power level suppression. The

reason for this test was to confirm or refute reports of a

change in carrier level suppression on the Mariner IV

signal coincident with the MT-6 event. As a result of

these tests, the apparent change of Mariner IV signal
level was attributed to the L- to S-band converters at

Woomera and Johannesburg. Spacecraft operating time
was 1.6 hr.

f. System verification test. A system verification test

was conducted during the period 13 January to 19 January

1965. Spacecraft operating time was 13.9 hr. The objec-

tive of the verification test was assurance that all space-

craft subsystems were in flight condition, following the

mechanical rework necessitated by the cosmic dust test,

and as preparation for the early encounter exercises

anticipated for support of the Mariner IV flight

sequence.

Although several significant events occurred during

the test, none were caused by spacecraft malfunctions.

An external power system surge resulted from an error
in shutdown procedure and caused the radio TWT am-

plifier power supply to fail. Procedure changes and

operator instruction were instituted to preclude power

transfer surges during future operations.

During the playback portion of the test, video storage

measured the noise generated by the foil section at

end-of-tape to determine ff the PTM tape had deterio-

rated from excessive operation. No detrimental noise was

present.

Following installation and checkout of a new TWT

amplifier and power supply, the verification test was
completed without incident.

g. Science encounter test. A science encounter test was

conducted on 20 January 1965. Spacecraft operating time

was 2 hr. Objective of this test was to verify the 83.3-kc

interface between the television subsystem and the

PDP 4 recording equipment in preparation for the early
encounter exercises.

h. Spaceera[t-computer data system interlace der_

onstration. A spacecraft-computer data system interface

demonstration test was conducted on 22 January 1965.

Spacecraft operating time was 1 hr. The purpose of

this test was to demonstrate the application of the com-

puter data system (CDS) to spacecraft telemetry and

direct access measurement evaluation, to enable the

Surveyor personnel to determine the usefulness of CDS

on their program.

i. SFOF eady encounter command sequence verifica-

tion tests. Three early encounter command sequence tests

were conducted from 27 to 29 January 1965. Space-

craft operating time for all three tests was 14.6 hr. "Flae

objective of these tests was to enable SFOF personnel

to test every sequence of commands that might be em-

ployed during the early" encounter exercise and to

determine if any combination commands could produce

a deleterious effect on the spacecraft. All command com-

binations were found to be acceptable and usable without
restriction.

i. Space Flight Operations Facility tests. Five scan

platform positioning tests were conducted during January

and February 1965. Total spacecraft operating time was
30.2 hr.

3. From 12 February to 14 July 1965

The pre-encounter phase of PTM operations was pri-

marily devoted to support of Mariner IV flight encounter

preparations. In addition, several series of tests were

conducted to analyze nonflight problems and to evaluate

printed circuit ring harnesses substituted for the 9Wl

and 9W9 ring harnesses. Flight support tests consisted of

twelve SFOF practice encounter tests and fifteen flight

simulation tests that were conducted to verify or analyze
Mariner IV data.

Twelve special tests were completed to investigate

spacecraft problems that were not directly associated

with Mariner IV flight conditions but that needed solu-

tious for satisfactory spacecraft flight support and future

design verification. The test sequence for this period is
shown in Table 14.

a. Demonstration system test. A demonstration system

test was performed on 12 February 1965. Spacecraft

operating time for this test was 2.3 hr. The objective of

the test was to demonstrate Mariner system test facilities

and computer data reduction methods to the Surveyor

program personnel to assist them to adapt the Mariner

techniques to their needs. Spacecraft operation was nor-

mal and the demonstration was concluded satisfactorily.
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No.

1

2

3

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Date

2/I/65

2/26/65

3/2/65

3/4/65

318165

3/9/65

3/10/65

3/11/65

3/15/65

3/22/65

3/26/65

4/7165

4/9/65

4/12/65

4/13/65

4/15/65

4/16/65

4/20/65

4/21/65

4/22/65

4/23/65

5/10/65

5/12/65

5/27/65

Table 14. Test sequence, 12 February to 14 July 1965

Test

Demonstration system test Procedure PTM

CM 312.00

Ground command/flight command compatibility

Canopus tracker update/data encoder deck skip

investigation

Investigation of downlink signal dropout on flight

spacecraft coincident with CY-1 command

Canopus sensor update/data encoder deck skip

investigation continued

Investigation of effect of CY-1 on transfer

commend voltage; continuation of test No. 4

Continuation of test No. 4

Continuation of test No. 4

Radio calibration of auxiliary oscillator frequency

vs transfer command voltage

Ring harness interface test; investigation start for

printed circuit ring harness evaluation, continuing

through 4/6/65

System verification test following installation of

printed circuit ring harness

Radio plot; no signal static phase error (8PE)

Radio SPE fine calibration

Radio investigated path loss through open circulator

switch, pert of interferometer effect investigation

Modified Canopus sensor calibration; preparation

for SFOF test

SFOF DC-18 encounter test

SFOF DC-18 encounter test

Live pyro-peak RF simulation

SFOF test and RFI measurements

RFI, RF Signature, attitude control command

sequence investigation, radio investigation of

PTM uplink lock loss anomaly

RF signature

RF signature

Launch mode control set compatibility

Magnetic mapping and degauss investigation,

continuing through 5/26165

SFOF encounter test

No.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Date Test

5/28/65

6/1165

6/2/65

6/3/65

6/7/65

6/8/65

6/9/65

6/10/65

6111165

6/14/65

6/15/65

6/17/65

6118/65

6/21/65

6/23/65

6/24/65

6/25/65

6/28165

6/30165

7/I/65

7/2/65

7/6/65

7/8/65

7/9/65

7/12/65

7/14/65

Science Trapped Radiation Detector test

SFOF scan position test

Radio uplink lock anomaly investigation, science

television voltage investigation

SFOF encounter test, continuing through 6/4/65

Radio uplink lock anomaly investigation

Radio uplink lock anomaly investigation, science

DAS investigation

Flight command Iockup investigation

Radio uplink lock anomaly investigation

Video storage count-two circuit transient response

investigation

Science Cosmic Dust Detector noise investigation,

flight command Iockup investigation

SFOF encounter backup test

Radio uplink lock anomaly investigation, scan

platform inhibit investigation

Radio uplink lock anomaly investigation

Power investigation of low primary power voltage

operation, continuing through 6/22/65

Power investigation of encounter load share

conditions

SFOF backup mode test

Calibration of special instrumentation installed

for SFOF tests

SFOF backup mode test

Radio subsystem verification, power investigation

of encounter load share conditions, scan platform

inhibit logic investigation

SFOF scan position test

Power modes test for encounter loads

SFOF operational readiness test

Flight command Iockup capability investigation

SFOF final operational readiness test

Power transient investigation, flight command

Iockup investigation

Flight encounter simulation
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b. Madner IV flight support tests. A series of tests in

direct support of the Mariner /V flight data analysis

effort was conducted during this phase of test operations.

Spacecraft operating time for the series was 74.3 hr.

The first test was an attempt, on 2 March 1965, to

duplicate telemetry indications of a failed suppressor

diode on a relay operated by the MT-1 command from

CC&S. Although a data encoder deck skip apparently

occurred at the flight spacecraft when the Canopus

sensor cone angle was updated, no similar effect could be

produced on the PTM. Commands to the PTM were

issued with the relay driver circuit in normal configura-

tion, as well as with the suppressor diode disconnected,
but no deleterious effects resulted.

Five radio tests were completed between 4 and

11 March 1965 to investigate a frequency shift of the

flight transmitter signal coincident with the issuance of

CY-1 commands. The results of these tests proved that

the radio transfer coinmand voltage experiences a level

change concurrent with the first CY-1 command issued

following radio loss of lock between the ground trans-

mitter and airborne receiver. Each transponder exciter

auxiliary oscillator frequency shi_ a different amount

determined by its individual characteristics and align-
ment conditions. It was concluded that the effect noted

on the flight radio frequency is inherent in the

transponder design.

A special radio test was conducted on 9 April 1965 to

verify an interferometer effect noted at the spacecraft

receiver as a result of dual signal paths from the high-

gain and low-gain antennas when the RF circulators were

switched to receive on the low-gain antenna. Results of

the test indicate that the circulator loss through the

nonoperating path is approximately equal to the gain of
the high-gain antenna.

Flight command tests were conducted on 9 and 14 June

1965 to verify the ability of the command detector in the

flight command subsystem to lock up and remain in lock

with various amounts of radio receiver static phase error

(SPE) and with the command detector voltage-controlled

oscillator (VCO) offset various amounts. In addition, the
command detector was monitored for command bit errors

resulting from adjustment of radio static phase error
while command was in lock. No undesirable effects were

detected as a result of the test conditions while displace-

ments and tuning rates were held within reasonable

magnitudes.

An additional test was conducted on 12 July 1965 that

demonstrated the ability of the flight command detector

VCO to lockup to the ground command VCO while

radio was adjusting the receiver SPE at the rate normally

employed by the Deep Space Instrumentation Facility

(DSIF) stations.

Video storage count-two logic circuit tests were con-

ducted on 11 June 1965 to determine the effect of power

o..k .... _,_m tr_n_;ont-e Trnn_iant_ ware, generated bvo ul.po v o_u. ..................

issuing cominands that were applicable to the encounter

portion of the flight and by inducing main booster

regulator failures and turning gyros on and off with the

spacecraft battery disconnected. None of the test con-
ditions were able to disturb the count-two circuits.

A series of six power subsystem tests was conducted

between 21 June and 12 July 1965 to determine the

effects of all possible encounter load switching sequences

when the spacecraft was powered by solar power at

Mars levels and without a spacecraft battery to absorb
current transients. The results of this series of tests

indicated that encounter equipment turn-on transients

could be supported by the solar panels alone and that the

current surges could be reduced to still lower levels by

following a procedure that reduced power requirements
during encounter initiation commands.

The final flight support test was conducted on 14 July

1965; it consisted of an encounter conducted on the

PTM in step with the flight encounter performed by

Mariner IV. The objective of this test was to provide a

test specimen preconditioned to the flight mode through-

out the encounter period to facilitate investigation of any

nonstandard conditions that might be observed in the

flight data. No questionable conditions were noted and

the PTM was tan'ned off following exit from occultation

by the flight spacecraft.

c. SFOF encounter preparation tests. Thirteen en-
counter tests were conducted for the SFOF between

12 April and 9 July 1965 to enable evaluation of various

encounter command sequences and to provide operations

personnel with experience in the spacecraft reactions

to encounter conditions as preparation for the actual
event. Since several of the tests were intended to fur-

nish practice in interpreting the telemetered data from

the spacecraft, special instrumentation was attached to the

PTM during those tests to enable the system test per-

sonnel to produce variations in temperature and signal

information to telemetry and to simulate various failure

modes in the encounter instruments as well as the space-
craft systems that were essential to the encounter
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sequence. Spacecraft operating time during this series
of tests was 122.6 hr.

Tests on 13, 15, and 20 April 1965 were devoted to

evaluation of various command sequences that were

proposed to prevent loss of Canopus acquisition during

the encounter period. The commands were intended to

place the spacecraft on inertial control and correct for

drift with incremental commands. The procedure was

successful but was subsequently ruled out as unnecessary.

The objective of these tests was to enable SFOF

personnel to determine the optimum procedure for

opening the science cover and prepositioning the scan

platform, and to practice the selected procedure and

timing sequence.

Several modes of operations were employed during the

tests to enhance the responses to be investigated. Since

transmission time is an important factor in the timing

of spacecraft commands, both uplink and downlink

radio transmission times were simulated during several
of the tests.

For each test, the spacecraft was conditioned to a pre-

encounter cruise mode by the system test personnel, who

then reacted to SFOF requests for commands through a

procedure simulating the DSIF command links. Space-

craft telemetry signals were processed to a teletype
format and transmitted to SFOF.

The tests demonstrated the feasibility of an early

encounter to open the science cover and position the

platform as well as providing the necessary practice for

the SFOF personnel to develop their technique.

SFOF encounter practice and backup mode tests were

conducted on 27 May and 3, 4, 15, 24, and 28 June 1965.

Simulated failures and nonstandard operating conditions

were introduced into the telemetry signals during each

of these tests to provide the operations personnel with

practice in the analysis and corrective action to be used
for each anomalous condition.

SFOF scan position tests were conducted on 1 June
and 1 July 1965. Although these two tests were con-

ducted specifically to investigate the timing of the scan

platform positioning commands, the technique was prac-

ticed during several of the other SFOF encounter practice

tests. No operational problems were introduced during
these tests.

SFOF operational readiness tests were conducted on

6 and 9 July 1965. Spacecraft operational problems were

simulated during the first test, but the second was com-

pleted with nominal operating conditions.

d. Printed circuit ring harness evaluation tests. Printed

circuit ring harness evaluation tests were conducted on

the spacecraft from 15 March until 6 April. These tests

consisted of detailed investigation of all signal and power

circuits in the 9W1 and 9W9 ring harnesses while the

spacecraft subsystems were connected to the original

wired harnesses and while they were connected to the

printed circuit ring harnesses. Two versions of the printed

circuit ring harnesses were employed and, in addition, a

combination of the original 9W9 wired harness for power

circuits and the printed circuit harness for the signals

normally routed through the 9W1 was examined. The

method of investigation was to photograph all signals on

the original wired harness by means of an oscilloscope

camera, then repeat each of the photographs under iden-

tical conditions except with the printed circuit harness

substituted for the wired harness. Subsequent tests on the

second printed circuit harness consisted of comparison of

the oscilloscope patterns with the original photographs

and repeating photographs of the ones that indicated a

change. An analysis of the results of these tests appears
in Ref. 5.

e. Magnetic mapping and degaussing investigation.

Magnetic mapping and degaussing tests were conducted

from 18 to 24 May 1965 with investigations extending

from 12 to 26 May 1965. The objective of these tests was

to determine the stability of the spacecraft magnetic

fields. The spacecraft was not operated during the mag-

netic tests.

f. Miscellaneous tests. Miscellaneous tests were con-

ducted on the radio, science, and pyrotechnic subsystems

and on the read, write, verify (RWV) and launch mode

control set OSE equipments from 26 February to 18 June

1965. These tests were performed to investigate sub-

system problems and obtain information about spacecraft

and support equipment that, while not directly related

to the Mariner IV flight, was necessary for evaluation of

the program. All miscellaneous tests were conducted on a
noninterference basis with the flight support tests. Total

spacecraft operating time for this series of tests was
50.3 hr.

Ten tests were conducted on the radio subsystem to

recheck calibrations and to investigate a temperature

sensitive anomaly that caused a momentary loss of
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uplink lock approximately 1 hr after power turn on. This

problem was peculiar to the PTM radio subsystem and

was the result of transponder instability confined to a

narrow temperature range. The subsystem was removed

from the spacecraft and returned to the laboratory for

more complete testing.

Science subsystem tests were conducted on the

Trapped Radiation Detector, to investigate the effects of

high level radiation sources; on the teievision camera, to

verify that apparent voltage variations are introduced by

the telemetry sampling system and are not reflected back

to the television circuits; and on the data automation

system, to investigate noise introduced into the Cosmic
Dust Detector readout.

A pyrotechnic test was conducted on 16 April 1965

using RF sources to illuminate the spacecraft and to

simulate launch environment with live squibs installed

in all pyrotechnic positions. No problems occurred during
the test.

One test was conducted to determine compatibility of
the spacecraft with the launch mode control set as-

sembled to operate the PTM spacecraft during vibration
tests. Operation from the test set was normal.

The electromagnetie interference group conducted

tests to identify the RF signature of the PTM spacecraft

and to investigate noise generated by the on board radio

equipment and the attitude control gas valve operation.

Several tests were conducted to verify ground com-

mand equipment compatibility with the operating space-
craft prior to shipment to the various DSIF stations.

Since many of the listed tests involved individual

subsystems, several were performed simultaneously when

they were noninterfering.

4. From 16 July to 23 September 1965

The post-encounter phase of PTM spacecraft opera-

tions was devoted primarily to completion of tests having

value as sources of information for future spacecraft

design. Two tests were performed to assist with interpre-

tation of Mariner IV flight data, and two were performed

to investigate anomalies in the PTM radio subsystem.

Tests were run to obtain information on spacecraft

noise-reduction techniques; there were examinations of

power return and spacecraft grounds, as well as of signal

return lines for noise, while various grounding techniques
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were tried. Additional photographs were taken of signals

from modified printed circuit harnesses; and a final

magnetic mapping was completed.

Flight support tests were conducted to develop a

technique to control ground transmitter carrier level for

spacecraft automatic gain control (AGC) calibration,

analyze the effects of encounter commands on the radio

transmitter frequency, and attempt to determine the

cause of ,_t-1.... _,,_a ,,."__t_._.... ....;gnPJ_ observed in Mariner IV

data during encounter.

Radio subsystem tests were conducted to investigate

an uplink lock anomaly and cavity amplifier power

instability; both problems were peculiar to PTM equip-
ment.

One system verification test and a final systems test

were performed during the period. Tests performed

during this period are listed in Table 15.

Table 15. Test sequence, 15 July to 23 September 1965

No.

1 7/20/65

2 7/29/65

3 7/30/65

4 8/11/65

5 8113165

6 8/16/65

7 8/19/65

8 8/24/65

9 8/25/65

10 8/26/65

11 9/8/65

12 9/9/65

13 9/13/65

14 9/21/65

Date Test

Power investigation of noise on spacecraft

ground, continuing through 7/28/65

OSE power ground noise investigation

Magnetic mapping and degaussing, continuing

through 8/9/65

System verification test, completed 8/12/65

Radio uplink lock anomaly investigation

Spacecraft return system noise investigation,

continuing through 8/18/65

Radio investigation of periodic amplitude varia-

tions of cavity amplifier output power, completed

8/20/65

Printed circuit ring harness investigation,

completed 8/25/65

Radio investigation of ground transmitter power

suppression techniques

Coupled noise investigation, continuing

through 8/31/65

Printed circuit ring harness investigation

Video storage-data automation system interface

noise investigation, completed 9/10/65

Final system test, continuing through 9/15/65

Radio encounter investigation, completed

9/23/65
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a. Power subsystem noise investigation. Power sub-

system noise investigations were carried out during

20-29 July, 16-18 August, and 26-31 August 1965. Total

spacecraft operating time for these tests was 25.1 hr.

Both spacecraft and OSE power and signal returns

were examined for excess noise and circulating currents.

The possibility of reducing noise induced into the signal

lines to data encoder by making a hard ground connec-

tion between the spacecraft power return and spacecraft

was tested by connecting a fuse between the two points

in question. The first attempts to connect the fuse re-

suited in abnormal spacecraft operation and high noise

levels in all signal circuits, but the problem was resolved

as a wiring error resulting from an engineering change

instruction that was not worked on the PTM power

distribution subassembly module. The problem had not

been noticed previously due to the isolation between

primary power and the spacecraft bus. After completion

of the applicable engineering change instruction (ECI),

no problems were noted when the spacecraft power

return and spacecraft frame connected. An attempt was

also made to compare the susceptibility of the spacecraft

subsystems to power transients with the power return

floating as in the normal configuration and with it con-

nected to the spacecraft frame. No change in response
to power transients was noted.

OSE power distribution return lines were examined

for circulating currents that could cause induced noises

and the result was the location of a faulty transformer in

the science data format converter. The faulty transformer

was disconnected from the system and both return
currents and noise were reduced within normal levels.

Tests were also conducted to determine the effects of

various shield connections and ground schemes, but no

definite improvements were achieved. It was determined

that noise from signals on one line can be induced into

another line by a common conducting cover or shorted
loop encircling them.

b. Magnetic mapping. Magnetic mapping of the space-

craft was conducted during the period 30 July through

9 August 1965 to determine what effects were produced

in the spacecraft magnetic field by the electrical tests

conducted since the mapping tests completed 26 May

1965. The following changes were observed in the perma-
nent magnetic field (P):

Px from -33/4 to -41/4 _,

Py from 0 to 1/2 _,

Pz from 4V4 to 53A

p

The spacecraft was not operated during the magnetic
tests.

c. System verification test. A system verification test

was conducted on 11 and 12 August to verify that space-

craft operation was normal following the mechanical

work necessitated by the magnetic mapping procedure.

Spacecraft operating time for this test was 7.7 hr. All

spacecraft operation was normal.

d. Radio special tests. Radio investigation of an anom-

aly in the uplink lock circuitry was conducted on

13 August 1965 to determine if removal and reinstallation

of the radio subsystem had caused a change in previously
noted conditions. The anomaly was still present and

unchanged. Spacecraft operating time for this test was
2.8 hr.

Radio investigation of power variation from the cavity

amplifier was conducted on 19 and 20 August 1965.

The power variation was found to be of small amplitude

and to have a period of approximately 35 min. It was

attributed to the temperature compensating features of

the cavity amplifier and was not of importance. Space-

craft operating time for this investigation was 4.0 hr.

e. Printed circuit ring harness investigations. Printed

circuit harness tests were conducted 24 and 25 August

and 8 September 1965. Objective of these tests was to

determine if noise coupled between circuits could be

reduced by grouping noise producing lines away from

low level signal circuits and to determine the effects of

removing transpositions from the power lines. Very

little change in noise levels was observed. Spacecraft

operating time during these tests was 4.7 hr.

f. Mariner IV flight support tests. Three tests were

conducted in direct support of the Mariner IV flight data

analysis effort. Spacecraft operating time for these tests

was 8.8 hr in addition to the radio carrier level suppres-

sion tests which were conducted concurrently with the

printed circuit ring harness tests.

Radio tests were conducted on 24 and 25 August 1965

to develop and verify a method to control uplink carrier

level suppression by means of a 10-kc modulating signal

applied to the ground transmitter. The objective of this

method is to enable precise control of the uplink signal
level transmitted from the DSIF stations in order to

calibrate the Mariner IV receiver AGC voltage during

flight. The technique was successful and achieved carrier

level suppression of 20 db. Since the modulating
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w

frequency was 10 kc the sidebands that it generated

were outside the spacecraft receiver passband.

Video storage/DAS interface noise tests were con-

ducted on 9 and 10 September 1965. The test objective

was to determine ff false video storage end-of-tape signals

can be issued to DAS by noise spikes produced by tape

start-stop commands. Start-stop commands were issued

to video storage first from the OSE through the direct

access lines and then from DAS by conducting an

encounter. Both methods produced noise spikes of ap-

proximately equal amplitude on the video storage/DAS

end-of-tape line, but DAS only issued false end-of-tape

signals to data encoder when the start-stop commands

were issued from the OSE. Since a much greater number

of start-stop commands were issued by the OSE method

than by encounter conditions, it is possible that a

greater number of encounter start-stop commands may

have resulted in a false end-of-tape signal from DAS to
data encoder.

Radio encounter tests were conducted on 21 and 23

September 1965 to determine ff the encounter sequence

produces a change in the transponder transfer command

voltage. The object of this test was to look for an explana-

tion for a slight frequency shift noted in the Mariner IV

downlink signal following the planet encounter and the
dark encounter. The results of the test indicated that

the transfer command voltage does change ff the encoun-

ter is controlled by radio commands, but does not change

ff the encounter sequence is initiated and terminated by

CC&S commands without radio using two-way lock.
The tests were not able to determine ff the effect is the

result of transferring from auxiliary oscillator to the VCO

and back to auxiliary oscillator or the result of the
command source.

g. Final system test. A system test was conducted

from 13 through 15 September 1965 to assure spacecraft

integrity prior to storage. Spacecraft operating time was

13.3 hr. All spacecraft subsystems functioned normally

and the test was considered satisfactory.

5. Spacecraft Configuration for Storage

The PTM spacecraft has been prepared for storage
and testing has been terminated. Table 16 describes the

detailed configuration of the PTM spacecraft at the time

of its commitment to storage. Also included is such

spacecraft-related information as planetary instrument

alignment angles, spacecraft behavior idiosyncrasies,

transmitter frequencies, and nominal spacecraft power

demands in various power modes.

Table 16. PTM configuration and nominal characteristics

at time of storage

a. Nominal spacecraft power demands

Po_fer

Mode Spacecraft configuration demand, _ w

171 bPrelaunch

science checks

Prelaunch

Launch

i Separatlon

Sun acquired

(Earth cruise

with gyros on)

Earth cruise

(Canopus

acquired)

Midcourse

lO0-day cruise

Mars cruise

Mars cruise with

gyros on

Encounter

Playback

Cruise science on, encounter science off,

RF power down (cavity), OSE relay hold on,

gyros on, external power

All science off, RF power down (cavity),

OSE relay hold on, gyros on, external power

All science off, RF power down (cavity),

spacecraft relay hold on, gyros, on, internal

power. VS$ not in launch mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

on, internal power

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

on, solar power Earth mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

off, solar power Earth mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

on, internal power

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

off, solar power 100-day

Cruise science on, encounter science off,

RF power up (cavity), t;elay hold off, gyros

off, solar power Mars mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

on, solar power Mars mode

Cruise science on, encounter science on,

RF power up (cavity), relay hold off, gyros

off, solar power Mars mode

Cruise science off, encounter science off,

RF power up (cavity), relay hold off, gyros

off, solar power Mars mode, video storage

2.4-kc power on

149.5 b

155 b

189 b

195 b

140 b

198 b

140 b

142 b

196 b

173 b

123 c

aThe demand of the battery charger is variable and must be added to the

figures shown above to obtain total spacecraft demand. The demand of the

battery charger is 27w when charging at the maximum rate of 300 ma with

44-v input to the charger.

The power demands shown are based on the averages of system tests 3, 4,
and AFETR I and 2 and the space simulator test.

bThe TWT uses 27w more than the value shown with the cavity on.

cMeasurement was made with TWT on, then 27w subtracted to provide nomi-

nal figure for cavity.
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Table16a.(Cant'd)

Mode Spacecraft configuration Power
demand, a w

144 _Playback with

cruise science

Failed booster

with gyros on

Failed booster

with gyros off

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

off, solar power Mars mode, video storage

2.4-kc power on.

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

on, solar power 100-day mode.

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

off, solar power 100-day mode.

189 b

142 b

aThe demand of the battery charger is variable and must be added to the

figures shown above to obtain total spacecraft demand. The demand of the

battery charger is 27w when charging at the maximum rate of 300 ma with
44-v input to the charger.

The power demands shown are based an the overages of system tests 3, 4,

and AFETR 1 and 2 and the space simulator test.

bThe TWT uses 27w more than the value shown with the cavity on.

_Measurement was made with TWT on, then 27w subtracted to provide nomi-

nal figure for cavity.

b. Nominal planetary instrument alignment

Instrument Measurement, deg

Fields of view

Television

Scan sensor

Narrow-Angle Mars Gate

Look angles

Television (reference)

Scan sensor

Narrow-Angle Mars Gate

1.1 X 1.1

48.5, cone

1.5 X 2.5

Clock angle Cone angle

O.00

1.00

0.10

120.00

119.70

120.10

c. Nominal planetary scan platform alignment

Parameter Measurement

Clock angle (pinned)

Backlash

Voltage indication in stowed (pinned) position

238 deg 02 min arc

21.47 min arc

162 ±1.9022 v

d. Nominal Canopus sensor alignment

Parameter Measurement

Clock angle 259 deg cw from Bay II centerline

Table 16. (Cant'd)

e. Radio frequencies

Classification Frequency, Mc

Nominal 25°C uplink frequency for VCO at zero SPE

Nominal 25°C downlink frequency for VCO at zero SPE

Nominal 25°C frequency for one-way transmission

Exciter A

Exciter B

2115.698747

2297.591400

2297.586552

2297.592936

f. Nominal radio

Classification

RF power up

Power amplifier A

Power amplifier B

RF power down

Power amplifier B

)ower output

Power, dbm

40.0

38.0

28.0

g. Permanent magnetic output a

Magnetometer axis Measurement, ")'

X

Y

Z

-- 4.25

+0.5

+ 5.75

aSpacecraft perm without solar panels.

h. Video storage record time

Period Time, sec

During encounter 1512 _ 1.0

i. Spacecraft idiosyncrasies

Subsystem Idiosyncrasy

Radio

Command

Data encoder

Possible loss of lock on command DC-9 at weak signal level

Loss of lock on command DC-9

Power transients occasionally causing medium deck skips

F. MC-4 Spacecraft Operations and Disposition

1. From 30 September 1964 to 9 April 1965 (at AFETR)

Mariner spacecraft MC-4 arrived at AFETR on 29

September 1964. Unloading and assembly operations
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werecompletedon 2 October 1964. System level tests

were performed as necessary to assure that the space-

craft was in flight-worthy condition to support the

launches of MC-2 and MC-3 as spares or as a replace-

meat. Following the launch of MC-2, two updated TA

solar panels were added to bring the spacecraft to launch

configuration as standby for MC-3. On 1 December 1964

the spacecraft was placed in temporary storage at

AFETR until 9 April 1965.

The tests conducted at AFETR are listed in Table 17.

Table 17. Operations and tests of MC-4 at AFETR

Operation or test Date

Assembly

System verification test

System test AFETR No. 1

Autopilot test

Final inspection, disassembly and assembly

'System verification test

Attitude control leak check

System verification test

Science subsystem alignment (SPINAl.) check

Science calibration checks

System test AFETR No. 2

Current loop magnetic mapping test

Magnetic mapping

Attitude control nozzle flow rate test

Final mechanical preparation

1o/2/64

1o/2/64

io/2/64
to 10/6/64

10/6/64

lo/B/64
to lo/15/64

lO/16/64

io/2g/64
to1i/2/64

1i/1o/64

11/io/64

11112164

11/13/64
11/17/64

11/17/64

to 11/18/64

11/18/64

11/18/64

11/19/64
I,o 11/24/64

a. Spacecraft arrival. The spacecraft arrived at AFETR

on 29 September 1964. Unloading and mechanical

assembly were started on 30 September and completed

2 October 1964. All units were flight qualified except

the science Cosmic Dust and Trapped Radiation

Detectors, which were PTM modules. The flight units

for those experiments did not arrive at AFETR prior to

spacecraft assembly. A science DAS unit scheduled for

use in MC-3 was installed in MC-4 to undergo the system
test.

JPL TECHNICAL. REPORT NO. 32-881

b. System verification test. Spacecraft testing started

on 20 October 1964 with the system verification test.

Spacecraft operating time was 8.2 hr. No significant

problerfis-were encountered but the pitch gyro output

was noisy; it was evaluated during succeeding tests.

c. System test AFETR No. I. System test AFETR

No. 1 was started 2 October and completed 6 October

1964. Spacecraft operating time for the entire test was

_qn.6 hr. To _s_t v_th sehed,_,|ing_ the test was conducted

in segments during a 5-day period. Several significant
problems occurred and were corrected:

. The Canopus sensor shutter solenoid failed to

operate because the wires were not properly con-

nected or soldered. During an investigation into the

solenoid problem, the wires were shorted, causing

the main booster regulator to drop out. Subsystem

laboratory tests determined that no damage had

resulted from the short cireut. All wiring was re-

connected and soldered properly.

. The pitch gyro channel again produced excessive

noise and the entire gyro package was changed to

correct the problem.

. No track change was obtained on the video storage

tape recorder at end of tape or by OSE commands.

The track change relay had been hung up by an

OSE operator error prior to test start. The relay was

released in the laboratory and normal operation
restored.

d. Attitude control autopilot test. An attitude control

subsystem autopflot test was conducted on 6 October

1964. Spacecraft operating time was 1.8 hr. No significant

problems were encountered.

e. Final inspection. Spacecraft disassembly for final

inspection was started on 8 October 1964. Final inspection

and reassembly were completed on 15 October 1964.

Final inspection of each spacecraft is normally performed

at JPL, Pasadena, prior to shipment to AFETR, but in

the case of MC-4, the inspection was delayed until the
spacecraft had been delivered to AFETR to demonstrate

feasibility of performing the inspection at that facility.

f. System verification test. A system verification test

was conducted on 16 October 1964. Spacecraft operating

time was 10.4 hr. The purpose of this test was to verify
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that the spacecraft system functioned within specifica-

tions following the final inspection and reassembly. Two

problems were recorded:

1. Scan platform unlatch failed to give a data encoder
event.

2. The science Ionization Chamber and Cosmic Ray

Telescope did not calibrate properly and were re-
moved for test and calibration.

g. Attitude control gas leak check. An attitude control

gas leak test was started on 28 October and completed

2 November 1964. The system was within specifications.

Following the leak test, the spacecraft was assembled in

complete flight configuration and placed on standby to

support the launch of MC-2.

h. System test AFETR No. 2. System Test AFETR

No. 2 was started and completed through half of the first
encounter on 10 November 1964 as a verification of

spacecraft performance and as the first section of the

final spacecraft system test. Spacecraft operating time

was 6.7 hr. Significant problems were Cosmic Ray Tele-

scope noise and failure of the scan platform pin release

to give a data encoder register event.

i. Science subsystem alignment check. Science subsys-

tem alignment (SPINAL) checks were conducted on

10 November 1964. Spacecraft operating time was 2.5 hr.

j. Science calibration checks. Science subsystem cali-

brat'ion was started on 11 November and completed on

12 November 1964. Spacecraft operating time was

16.6 hr. No significant problems were encountered; how-

ever, one previously observed problem recurred when

the removal of the science scan platform pin failed to

produce a data encoder event.

k. System test AFETR No. 2 (Concluded). All remain-

ing portions of the final system test started on 10 Novem-

ber were conducted during the period 13 to 17 November

1964 to verify that the spacecraft was ready for launch

if needed as a replacement for MC-3. Spacecraft operat-

ing time for the test was 34.8 hr.

Two significant problems were observed and corrected

during the test.

1. The Cosmic Ray Telescope noise problem was at-
tenuated by the addition of an extra cover screw to

tighten the cover and complete the shielding con-
tinuity.

2. A circuit board in the scan platform unlatch event

circuit was replaced to correct the intermittent
e_zent readout.

l. Magnetic mapping current loop test. A magnetic

mapping current loop test ran from 14--15 November.

Spacecraft operating time was 4.4 hr. Results of the test

were normal as compared with the information obtained

during tests of MC-2 and MC-3.

m. Magnetic mapplng. Magnetic mapping of the

spacecraft was conducted on 18 November 1964. The

spacecraft was not turned on during this test.

n. Attitude control nozzle flow rate test. An attitude
control nozzle flow rate test was conducted on 18 No-

vember 1964 under the direction of the attitude control

cognizant engineer.

o. Final mechanical preparation. Final mechanical

preparation of the spacecraft for launch was started

19 November and completed 24 November 1964. Four

flight solar panels were installed including two that had

been updated from type-approval to flight configuration.

The spacecraft was placed on standby as a launch

replacement for MC-3 on 29 and 30 November 1964. On

1 December 1964 the spacecraft was placed in storage

under a continuous nitrogen purge in Building AO at

AFETR, where it remained until 9 April 1965. The space-

craft test history from 25 November 1964 to 24 May 1965

is recorded in Fig. 52.

2. From 9 April to 15 June 1965 (at JPL)

On 9 April 1965 the spacecraft was removed from stor-

age at AFETR, shipped to JPL, Pasadena, subjected to

verification and system tests, operated in support of

Space Flight Operations Facility encounter practice tests,
then finally, placed in temporary storage in the SAF on

15 June 1965. All test results were within specified values.

The tests conducted at JPL prior to storage of the

spacecraft are listed in Table 18.

a. Return to ]PL. The spacecraft was removed from

storage at AFETR and shipped to JPL, Pasadena, on

9 April 1965.

Following arrival on 14 April, mechanical inspection

and preparation of the spacecraft for system test was

completed. It was connected to the system test complex
on 28 April 1965.
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MARINER C-4 TEST AND OPERATIONS SUMMARy

DATE
11/25/64

to

419165

419/65

4113165

4130165

413O165

III 514165

I II 15/5/65
I I, 5/6/65

111 II
5111164

5113165

5I]4/65

5118165

5119165

5/zo/65

5/21/65

l 5/24/65

SPACECRAFT

OPE RATIONS
SYSTEM TEST NO.

HOURS OF SIC

OPERATIONS

OPERATIONS

480 490 500 510 520 530 540 550 560

TOTAL SIC OPERATING

TIME 540.6 HOURS

CRUISE SCIENCE AND CALIBRATE PORTIONS OF SYSTEM
CM 300.03 (10.0 HRS)

ATTITUDE CONTROL BACKUP COMMAND VERIFICATION AND

SOLAR PRESSURE VANE ACTUATOR VERIFICATION, RADIO BA(
COMMAND VERIFICATION AND SUBSYSTEM VERIFICATION POR

OF SYSTEM TEST CM B00.03 (3.4 HOURS|

GYRO, AUTOPILOT, AND SUN SENSOR VERIFICATION PORTIONS
SYSTEM TEST CM 300.03 (0.8 HRS|

CC&S COUNTER TESTS (EXCEPT MIDCOURSE] FOR SYSTEM TEST

CM 300.03 (6.3 HRS}

PYRO SPECIAL TEST AND CC&S MIDCOURSE PORTION OF

SYSTEM TEST PROCEDURE CM 300.03 (1.6 HRS)

EMI RF SIGNATURE (I.0 HRS)
f

SYSTEM VERIFICATION TEST CM 301.01 (7.1 HRS)

ARRIVED JPL

REMOVED FROM STORAGE & SHIPPED TO JPL

S/C IN STORAGE AT ETR
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TEST

,KUP

Jrl

J SF'OF ENCOUNTER PRACTICE TEST (5.3 HRS)

' SIeOF ENCOUNTER PRACTICE TEST (7.0 HRS)
POWER SPECIAL BOOSTER REGULATOR TEST (l. 8 HRS)

Fig. 52. MC-4 test history, 25 November 1964 to 24 May 1965
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Table 18. Tests at JPL prior to storage

Title Date

System verification test

Radio frequency signature

System test

Power booster regulator investigation

SFOF encounter practice test

SFOF encounter sequence logic flow diagram checkout

Special cleanup tests

4/29/65
to4/3o/_

4/3o/_

51416s
to 5/2o/_

51v316s

5/141_s

s/lg/_s

5121165

b. System Verification Test and RF Signature Investi-

gation. A system verification test was started on 29 April

and completed 30 April 1965. Spacecraft operating time

was 8.1 hr. The purpose of this test was to verify that

the spacecraft had not sustained damage or deterioration

during storage and shipment and that it was still com-

patible with the PTM system test complex. All spacecraft

systems functioned normally and all apparent discrep-

ancies were resolved as being external to the spacecraft.

Concurrently with the system verification test, an RF

signature investigation was conducted by the EMI group.

This investigation provided a knowledge of spacecraft

radiation characteristics in the HF, VHF, and UHF por-

tions of the RF spectrum, and was a continuation of a
similar test conducted on the PTM.

Since the spacecraft was to be operated for several

weeks to support the flight of Mariner IV, the television
optics were replaced with the units from the PTM to

avoid wear on the shutter in the flight qualified unit.

c. System Test. A complete system test was performed

from 4 to 20 May 1965. Since continuous operation was

not practical, the test procedure was divided into con-

venient segments that were conducted on separate days

when they best fitted the schedule of tests required to

support the Mariner IV flight. The spacecraft was oper-

ated a total of 34.5 hr for the entire system test.

Objective of the system test was to provide a complete

system operational checkout prior to spacecraft storage,

to guarantee operational readiness of a requirement for

spacecraft operation if generated in the future. The

system test resulted in the conclusion that all subsystems

and the entire spacecraft system were operational.

During the test, several apparent anomalies were ob-
served, but all were resolved as the result of non-standard

conditions or support equipment problems. One incident

of particular interest was the result of performing a main

booster regulator failure exercise while the spacecraft

was operating from external power, rather than simulated

solar power. The transfer resulted in a cruise science

turnoff. Normally the failure procedure is performed

under flight conditions with the spacecraft battery con-

nected in the circuit to supply the current demand and

no exeept_ion_l transients are noted. The test was re-

peated with the spacecraft operating from simulated

solar power; all results were according to procedure.

d. Power subsystem special booster regulator test.

A special power subsystem main booster regulator failure

test was conducted on 13 May 1965, with the spacecraft

operating from the various power sources available in

the system test configuration. Spacecraft operating time

was 1.8 hr. The purpose of the test was to verify the

effects observed during system test when the main

booster regulator test was performed with the spacecraft

operaHaag from external power.

Simulated main booster regulator failures were in-

duced while the spacecraft was operating on external

power with results identical to those observed during

the system test. The test was repeated with the spacecraft

operating from simulated solar power and the results

were the same as those normally observed during the

standard system test procedure.

Since the external power source is current-limited and

no spacecraft battery is connected in the circuit during

the external power mode of operation, no firm power

source is available to supply the switching transient de-

veloped by the changeover from main to maneuver

booster regulator. Operation from the simulated solar

power sources is normally performed with the spacecraft

battery connected in flight configuration, to provide a

high current source to supply the switching transient, so

very little disturbance is noticed in the spacecraft sub-

systems at the time of changeover from main to maneuver

booster regulator. Spacecraft operation was considered

normal for the test configuration involved.

e. SFOF encounter practice tests. Two SFOF encoun-

ter practice tests were conducted to support the flight
spacecraft (Mariner IV) during the interval that the PTM

was committed to magnetic mapping and degaussing.
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The first test was conducted on 14 May 1965 resulting

in 7 hr of spacecraft operating time. Since the test objec-

tive was to furnish SFOF with spacecraft telemetry sig-

nals similar to those expected from Mariner IV during

encounter, the test spacecraft was conditioned as closely

as possible to the flight mode of operation without mak-

ing changes to MC-4. This procedure generated some
attitude control and science indications similar to the

flight telemetry but did not provide flight temperature

readings.

Several minor problems were introduced into the

telemetry data to simulate possible flight problems to

make the exercise more meaningful. All of the indications"

were produced without resorting to special equipment or

changes in the MC-4 spacecraft.

The test resulted in one P/FR 5 written against the

radio subsystem because the telemetry indication of

transmitter power output varied continually throughout

the test. No corresponding variations were detectable in

direct access measurements however, and later tests on

21 May 1965 resolved the problem as an incorrect ground
on the recorder in attitude control OSE.

5P/FRs initiated at SAF are listed in Table 19.

28.131

cg TO JET VANE CENTER (POINT OF ROTATION

OF THRUST VECTOR) AT 2 deg TO HORIZONTAL

I- 0.500 MAXIMUM

OFFSET CAPABILITY

;0.70711(X-_)=0.5065 _ ;INITIAL KNOWN OFFSET= 0.231

--_ PiPS ¢. _'--_ -/

JET VANE CENTER

= -12.274

+Z

I
------:C_¢ / _ (z L MOTOR TILT ANGLE

TR_NS,AT,ON,N "_-__ _-----Z :-,._
MOUNTINGPLANE:a,O_-_I-'_ \
MOUNT,N0_LANEO_P,PS--_ _-P,VOTPO,NT

21.916

Fig. 53. MC-4 PIPS positioning
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Table19.SAFinitiatedP/FRsagainstMC-4spacecraft

Problem Date open Date resolved Date dosed ResolutionSubsystem

Structure

Radio

Power

CC&S

Ref

4101303

4101303

E-A1

E-A7

02

02

02

02

Data 6A

Enceder

O2

O2

4A 13

4A11

4A3

04/OSE

O4

5A

SAFP/FR!
No.

2 Leg C thread bid in insert

4 Two screws frozen in insert,

Legs B end F

5 Loose insert

•vo ..'_=C.. m'_-_,._.._uo ! ,4 ,emn °

18 Malfunction in system

22 Malfunction in releasing

boost inhibit

25 Malfunction, lost lock

26 Malfunction, in mixer

preamplifier

57 Noise in receiver

80 Data not varied -- 105 -- ] 09

16 Data encoder lost lock

19 Bed insert, screw binds

33 TA panel seemed to chatter,

Leg D, Bay III

37 Noise malfunction

81 Malfunction in system

48 Power supply in central

timer burned up power

transformer (CC&S)

20 Data encoder trouble stay-

ing in sync while homing

7/21/64

4129164

8p/64

8/12/64

8/13/64

8/13/64

9/3/64

5/14/64

8/5/64

8/7/64

8/23/64

8/26/64

5/13/65

9/11/64

8/7/64

The second SFOF test was conducted on 18 May 1965,

resulting in 5.3 hr of spacecraft operation. The objective

of this test was to support SFOF checkout of their pro-

posed encounter sequence logic flow diagram. As in the

previous test, the spacecraft was conditioned to the pre-

encounter cruise configuration; commands were then

executed as directed by SFOF.

All spacecraft operations were normal.

f. Spedal cleanup tests. Three special tests were con-

ducted on 21 May 1965. Spacecraft operating time was

2.7 hr. The objective of the tests was to ensure that all

problems were correctly explained prior to spacecraft

storage.

First, a special test was conducted on the video storage

subsystem to verify an explanalJon by the operator of

8/3/64

4/29/64

8/20/64

8/2O/64

10/I/64

6/8163

8/25/64

8/12/64

9/I I/64

9/29/64

9/21/64

8/14/64

7/28/64

8/21/64

8/6/64

7/21/63

8/20/64

S/20/64

9/19/64

10/I/64

10/8/64

9/7/65

8/31/64

8/18/64

9122164

1o/i/64

10/1/64

$125164

Press-nut replaced

Reworked, correct HiTi screws used

Insert removed, new insert installed

Replaced

Replaced cable corrected problem

Reworked per ECR 7636, 7702

Not applicable

Replaced

Not applicable

Panel updated

Telemetry calibration procedure changed

Insert replaced

Use restricted to non-flight

None (OSE or cabling)

Still open

Power supply replaced

None

the circumstances that resulted in loss of part of the

recorded video during system test. The test established

that the video was inadvertently erased by the video

storage operator when he advanced the tape prior to the
encounter science turn-off command. Since this is an

OSE function, it cannot happen to the flight spacecraft.

The second test was an investigation of the radio sub-

system to determine the apparent variation of transmit-

ted power as indicated by telemetry during the SFOF

test. An abnormal ground in the attitude control OSE

rack was the result of a jumper that had been used to

connect the attitude control strip chart recorder to the

OSE cabinet. The jumper closed a ground loop involving

spacecraft ground with the OSE ground system and

introducing noise in the spacecraft data encoder input.

The noise amplitude was sufficient to disturb the 100 mv

telemetry channels from radio. Examination of the
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previous test data revealed corresponding variations in

all of the radio 100 mv channels. Again the cause of the

problem was the result of support equipment and is not

a flight problem.

The third test was a repeat of the power main booster

regulator failure test performed on 13 May 1965. Its

purpose was to provide photographic documentation of

the transients observed during the earlier test. All results

were the same as obtained previously.

As a result of the test sequence, the spacecraft was

considered to be in flight condition and to have suffered

no deleterious effects from storage at AFETR or ship-

ment to JPL.

g. Spacecraft Preparation For Storage. Preparations

for storage were completed during the period 25 May to

15 June 1965. All components requiring special service

prior to storage were properly prepared and all items

requiring separate storage containers were removed.

The spacecraft was placed in its storage container under

Table 20. MC-4 configuration and nominal characteristics at time of storage

a. Nominal spacecraft power demands

Mode Spacecraft configuration Power
demand, w"

168 bPrelaunch

science checks

Prelaunch

Launch

Separation

Sun acquired

(Earth cruise

with gyros on)

Earth cruise

(Canopus

acquired)

Earth cruise

(minimum

demand)

Midcourse

Cruise science on, encounter science off,

RF power down (cavity), OSE relay hold on,

gyros on, external power

All science off, RF power down (cavity),

OSE relay hold on, gyros on, external powel

All science off, RF power down (cavity),

spacecraft relay hold on, gyros on, internal

power

Cruise science on, encounter science off,

RF power up (cavity), relay hold off, gyros

on internal power

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros on, solar power Earth mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros off, solar power Earth mode

All science off, RF power up (cavity), relay

hold off, gyros off, solar power Earth modt

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros on, internal power

149 b

153 b

Power

Mode Spacecraft configuration demand, w'

lO0-day cruise 142 b

i Mars cruise

Mars cruise

with gyros on

185 b Encounter

195 b
Playback

142 b Playback with

cruise science on

117 b
Failed booster

with gyros on

196 b Failed booster

with gyros off

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros off, solar power lO0-day mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros off, solar power Mars mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros on, solar power Mars mode

Cruise science on, encounter science on,

RF power up (cavity), relay hold off,

gyros off, solar power Mars mode

Cruise science off, encounter science off,

RF power up (cavity), relay hold off,

gyros off, solar power Mars mode, video

storage 2.4-kc power on

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros off, solar power Mars mode, video

storage 2.4-kc power on

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros on, solar power lO0-day mode

Cruise science on, encounter science off,

RF power up (cavity), relay hold off,

gyros off, solar power lO0-day mode

142 b

196 b

174 b

129 _

147 e

186 b

144 b

aThe demand of the battery charger is variable and must be added to the figures shown above to obtain total spacecraft demand. The demand of the batter

charger ia 27w when charging at the maximum rate of 300 ma with 44-v input to the charger.

The power demands shown are based on the averages of system tests 2, 3, 4 and 5, and the space simulator test.

bThe TWT uses 27w more than the value shown with the cavity on.

eMeasurement was made with TWT on, then 27w subtracted to provide nominal figure for cavity.
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continuous nitrogen purge in a temporary storage area

at the JPL Spacecraft Assembly Facility.

Table 20 describes the detailed configuration of the

MC-4 spacecraft at the _ne of its commitment to stor-

age. Contained here is such spacecraft-related informa-

tion as nominal planetary instrument alignment angles,

spacecraft behavior idiosyncrasies, nominal transmitter

frequencies, and nominal spacecraft power demand in

various power modes.

Table 20. (Cont'd)

b. Nominal planetary instrument alignment

I
Instrument ........ J--

Fields of view

Television 1.1 X 1.1

Scan senso¢ 50 cone

Narrow-Angle Mars Gate 1.5 X 2.5

Look angles

Television (reference)

SCan sensor

Narrow-Angle Mars Gate

Clock angle Cone angle

0.00 120.00

+ 0.95 120.30

--0.10 120.05

f. Nominal radio power output

Classification Measurements, dbm

RF power up

Exciter A, power amplifier A

Exciter B, power amplifier A

Exciter A, power amplifier B

Exciter B, power amplifier B

RF power down

Exciter A, power amplifier B

Exciter B, power amplifier B

39.3

39.7

38.0

38.4

27.7

28.0

c. Nominal planetary scan platform alignment

Parameter Measurement

Planetary scan platform clock angle (pinned)

Backlash

Voltage ._nd._cet!on "_,n__towed (pinned) position

Driving cow

DHving cw

239 deg 32 rain arc

16.9 rain arc

1.8995 v

1.8886 v

d. Nominal Canopus sensor alignment

g. Permanent magnetic field

Magnetometer axis Measurement, _'

+21.0

+ 6.0

"t- 32.0

h. Video storage record time

Period Time, sac

Total recording time durlng encounter 1512 ±1.0

i. Spacecraft idiosyncrasies

Item Effect

Parameter

Clock angle

Measurement

259 deg cw from Bay II centerline

e. Radio frequencies

r-Qctor

Nominal 250C uplink frequency for VCO at zero SPE

Nominal 25°C downlink frequency for VCO at zero 5PE

Nominal 25°C frequency for one-way transmission

Exciter A

Exciter B

Frequency, Mc

2116.724077

2298.704880

2298.680770

2298.719602

Telecommunications

Flight command

subsystem

Data encoder

Telemetry channel 302

(exciter No. 2 voltage)

Has momentary loss of lock with DC-9 (ranging

Oe)o

Has tendency either to reset a deck or to skip a

deck position with any of the commands that

cause power transients (such as DC-7, DC-25,

DC-26, and DC-28). The lower decks are most

susceptible, but high deck may be affected.

Change in spacecraft mode between two-way

lock (VCO mode) and one-way lock (auxiliary

oscillator mode) necessitates change in

telemetry calibration curves.
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Table20. (Cant'd)

i. (Cant'd)

Item Effect

Telemetry channel 210

Guidance and control

Telemetry channel 303

(Canopus cone angle)

Receiver local-oscillator drive will increase

with decreasing temperatures, and vice versa.

When DC-13 or L-2 (but not L-3) is in effect

and Canopus sensol; power is off, data number

changes can be expected.

j. Autopilot (nominal)

Item Performance

Jet vane position null offsets

Jet vane actuator friction

Gains determined by autopilot mix resistors

Pitch and yaw channels

___ 5 deg

Within tolerance

Within tolerance

k. Weight, center of gravity, and post-injection

propulsion system (PIPS) positioning

Factor Measurement

Spacecraft weight with PIPS motor 57S.61 Ib

Center of gravity"

X

Y

Z

Jet vane center of lift b

(with motors as shown in Fig. 18)

X jr

YJv

Z jr

Motor tilt angle

+0.717 in.

--0.001 in.

-- 12.274 in.

20.591 in.

19.884 in.

-- 11.292 in.

200'00 " from horiz

*MC-4 did not have four solar panels assigned to it; two flight spare panels,

serial numbers 14 and 15 (substrate numbers 32 and 33) and two TA panels,

Some extra b-axis gain in both

channels; resulting pitch/yaw

cross-coupling coefficient

< ]5%

serial numbers 3 and 4 (substrote numbers 18 and 14) were installed. The

measured properties shown are for the motor position as in Fig. 19.

hAs in the case of MC-2 and MC-3, the undeflected thrust vector misses the

cg because the horizontal cg offset in the plane of Bay II is greater than the

adjustment capability.

V. END-OF-MISSION PLANNING

A. Proposal for 1967 Reacquisition

1. Introduction

The Project goals specified in the Project Development

Plan dated 14 February 1964 have been met. This part

of the mission, which was terminated on 1 October 1965,
has been designated as Phase I. Phase II of the mission

will consist of periodic contact with the Mariner IV

spacecraft by the research and development facilities of

the Deep Space Network at Goldstone, using advanced

communications techniques. During this period, com-

mands restricted to updating the Canopus cone angle

(Table 21) may be sent to the spacecraft if, and when,

the system capability is available. It is not expected that
telemetry reception capability will be available. As the

opportunity presents itself, two-way experiments will
also be attempted, using the 100 kw transmitter at the

85-foot antenna site (Venus DSIF 13), in which some

doppler radar information may be extracted. The project
will be informed ff the DSN has been able to establish

whether or not the Mariner spacecraft is transmitting.

Furthermore, during this phase additional trajectory data

may be provided that will yield further information on

the inherent accuracy of the DSN, and which may pos-

sibly improve some astrodynamical constants. Finally,

the Mariner spacecraft will act as a far-field calibration
device for the DSN.

Phase II began on 1 October 1965. The termination
of Phase II is defined as that time when the Mariner IV

telemetry can again be received by the standard config-

uration of the DSN. It is expected that this will occur

during the first half of calendar year 1967. The exact

date depends on the operational mode chosen (omnidi-

rectional vs high-gain antenna mode) and on the DSN

performance capabilities available at that date.
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Table 21. Canopus sensor position and command

sequence for 1966 and 1967

Date Position Command

1966

26 JAN- 9MAR

1 MAR-28 MAR

23 MAR-16 APR

11 APR- 7MAY

3 MAY-29 MAY

OPT-2(MT-4)

MT-3

MT-2

MT-1

PRESET

1 DC-17

5 DC-17

7 DC-17

7 DC-17

7 DC-17

25SEP - 4 NOV

25 OCT- 5 DEC

25 NOV- 5 JAN

1967

27 DEC -10 FEB

30 JAN- I APR

15 AUG-28 SEP

16 SEP -17 OCT

13 OCT- 8 NOV

3 NOV-30 NOV

17 NOV-20 DEC

MT-I

MT-2

MT-3

MT-4

OPT-1

0 PT-2

MT-3

MT-2

MT-1

PRESET

I DC-17

1 DC-17

I DC-17

1 DC-17

1 DC-17

1 DC-17

S DC-17

7 DC-17

7 DC-17

7 DC-17

During Ph__se II it is hoped that significant measure-
ments can be made with the RF emissions from the

spacecraft as it passes behind the solar corona during

conjunction. This event is due to occur in April 1966.

Needless to say, sudden and continuous silence of the

spacecraft during Phase II would obviate the need to

proceed with Phase III.

Phase III is defined as that period when normal telem-

etry reception (and processing) is again possible during
the reacquisition period. Phase III must, of course, in-

clude those tasks or functions necessary to prepare for the

actual operational period.

Any version of Phase III holds the promise of an even

more remarkable feat than Phase II. Starting about

February 1, 1967, the trajectory of Mariner IV is such

that telemetry should again be available through the use
of the spacecraft high-gain antenna. At this time, how-

ever, Canopus will not be in a favorable locale, and the

orientation of the high-gain antenna toward Earth will

have to be maintained through the use of inertial roll

control This would require an operational plan discour-

agingly more complex than those for Phases I and II.

2. Objeetlves

But the basic opportunity is unique in that it presents

the possibility of also going to a locale in space that has

not yet been explored. The plans offer the possibility of

coordinating results with the Pioneer missions. In addi-

tion, some very valuable information as to the longevity

in ._paee_ of our present technology can be obtained.

a. Performance degradation measurement. With the

relatively few measurements available in the Mariner IV

system, the effects of performance degradation on flight

equipment from extended exposure to space environ-

ments are difficult to interpret, and the ability to pin-

point a failed element is tenuous, at best. Nonetheless,

some new information regarding longevity characteristics

can be extracted from a continuing flight, and this infor-

marion should be valuable to spacecraft engineering

technology. A spacecraft that is found to be still operat-

ing in 1967 could well affect our basic approach to sys-

tem design philosophy. A notion of failure modes and

mechanisms can also be obtained-again, to a restricted

level-by discrete exercise of the various redundant pro-

visions inherent in the design. In this connection, te-

lemetry readings will provide invaluable diagnostic

assistance. Redundancy exists for many of the critical

elements required to make the 1967 tracking opportunity

P-success. Except for the DC-15 condition, the redundant

provisions of the spacecraft have not been utilized. The
redundant elements assumed to be available are:

1. Cavity amplifier

2. Exciter B

3. Power frequency sources

4. Booster regulator

5. Analog-to-digital converter and pseudonoise

generator

6. Gyro inertial roll control

Limited determinations will also be possible regarding
the following factors:

1. Solar cell performance trends

2. Clock accuracy

3. Deterioration of surfaces and finishes

4. Communication margin changes

5. Stability of stored picture data
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Based on flight performance, there has been no reason

for doubting that the spacecraft can continue operating

for an extended period of time and, indeed, through

1967. Attitude control gas supply depletion is not antici-

pated until late 1968; the low rate of gas consumption

experienced so far should permit three-axis control of

the spacecraft in 1967. And in order to receive telemetry

data in 1967, it is not necessary to have command

capability.

b. Sampling of Interplanetary Conditions. Inherently,

the greatest advantage lies in the basic scientific impor-

tance of continued sampling of the interplanetary condi-

tions for an extended period during a time of relatively

high solar activity. Figures 54 and 55 show that the

expected sampling will provide unique coverage across
solar distances and activity greater than has been ex-

perienced on any mission so far. Besides the intrinsic
value of these measurements, results describing the inter-

planetary environment in these intervals could bear

heavily on spacecraft design and experiment selection
for other Mars missions.
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During the time that Mariner IV telemetry can be re-
ceived and decommutated in 1967, the spacecraft will

approach the Sun from 1.5 to about 1.1 AU, as shown in

Fig. 54. In 1967, solar activity (Fig. 55) will have risen

somewhat more than halfway from the minimum of

1964-65 to the predicted maximum in 1968-if the cycle

is like the last one.

The object of measuring fields and particles in inter-

planetary space is to construct a quantitative, theoretical

description of the interaction between the solar wind

and the magnetic field carried by it and, also of the

action of the magnetic field upon energetic particles.

Corollary objectives are (1) to describe the connection

between the interplanetary phenomena and activity in

the outer parts of the Sun and (2) to explain in detail

the action of the interplanetary medium upon the planets

and their magnetospheres.

The basic data needed are the composition and energy

spectrum of the solar wind, the direction and intensity

of the magnetic field, and the composition, direction, and

energy spectrum of the energetic particle flux observed

simultaneously over a period of time that encompasses

different levels of solar activity. It is known that there
must be a semi-static variation of field intensity and

energetic particle flux. This gradient does not exceed

10 or 20% AU according to data from Pioneer V,

Mariner II, and preliminary results from Mariner IV.
Simultaneous measurements at points separated by

distance of more than 0.3 AU from the Sun are required

to observe this gradient. The solar plasma flux varies

more rapidly, approximately as (heliocentric distance) -2.

The transient phenomena-such as streams of high

velocity plasma, blast waves, associated modulation of

energetic particle intensity, and the large fluxes of ener-

getic solar particles-occupy volumes several AU in
diameter and extend on the order of 45 deg in heliocentric

longitude. It is of interest to determine the spatial de-

pendence and the velocity of propagation of the transient

phenomena. This requires simultaneous observations at

two or more points widely separated in radial distance
from the Sun and/or heliocentric longitude.

On a theoretical basis, it is more difficult to predict

the distribution of cosmic dust in the solar system.

A priori, the flux is expected to increase as the asteroid

belt is approached, although the sweeping action of

Mars and Earth may modify the flux near their orbits.

The Mariner IV measurements suggest a relative maxi-
mum in flux between the Earth's and Mars' orbits in

consonance with the sweeping theory.
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Charged particles and fields will be observed in 1967

during a period of increasing solar activity, with the
identical instruments used at solar minimum. It is

expected that the flux of low-energy galactic cosmic rays
will be lower in 1967 than in 1965 and that the flux of

low energy particles (probably solar) detected by the

Trapped Radiation Detector will have increased. The

average velocity of the solar wind may become higher

as solar activity increases. This will move the peak

current up into those energy channels in which the instru-

ments operates best in Rs preserit ___a .... ,r_ ....UUIIklIU_UII, 1111;_ llla_-

netic field may be more disturbed than it has been in

1965 if the plasma velocity is really greater.

In addition to the above changes, solar flares will occur

more frequently in 1967, and some of these will produce

energetic particles and other phenomena that the space-
craft can observe.

The flux of cosmic dust particles probably does not

vary with solar activity. However, its variation with

heliocentric distance can be measured again in 1967.

It is important to repeat this observation because the flux

is so low that the statistical accuracy of the Mariner IV

data is not very high.

Any spacecraft which measures fields and particles

in interplanetary space near Earth or inside its orbit can
provide data needed for the simultaneous observations at
two locations.

Pioneer goes farthest inside Earth's orbit (to about

0.75 AU), thus providing the greatest separation in
heliocentric distance from Mariner IV. Operation of the

two spacecraft should overlap by at least 100 days (4 solar

rotations). Several of the Mariner experimenters have

similar apparatus on Pioneer that would facilitate correla-
tion of results.

Ideally, Mariner IV data reception should be received

24 hr/day during the 1967 operation. However, con-

tinuous reception for 8 hr/day would be entirely adequate

to measure quiet conditions in interplanetary space. If

only partial coverage is given, then provision should be

made to go to full coverage if solar disturbances are

reported by Agiwarn, or if unusual events are observed

in the Mariner data or the Pioneer data-assuming the

two were operating simultaneously.

It would be important to receive Pioneer and

Mariner IV data simultaneously, not just on the same

days. It would also be very desirable to go to full

JPL TECHNICAL REPORT NO. 32-881

coverage for one or two days at regular intervals, even

if no special effects are observed.

e. Conclusions. The goals for the Phase III 1967 re-

acquisition opportunity may thus be stated as:

1. The recovery of interplanetary science data

2. An increase in engineering knowledge about the

consequences of extended exposure of complex

electronic equipment in the interplanetary space

3. Alternate Plans

Three of the most promising alternatives in Phase III

are:

IIIA Inertial mode, starting February 1967

IIIB Inertial mode, starting June 1967

IIIC Passive mode, starting June 1967

a. Phase IliA. This phase considers tracking the space-

craft early in 1967 by utilizing the inertial mode of the

spacecraft via the command system, providing reception

of spacecraft data 24 hr/day. This would require as full

an effort as was mounted in 1965 for the planetary

encounter. All elements of spacecraft engineering analysis,

scientific analysis, and flight path analysis would be

required to support this operation in order to make

coordinated decisions on sending commands, analyzing

longevity performance, interpreting data, and presenting

coordinated results. In such a case, the operation would

need to be coordinated through a Project Management
structure similar to that of Phase I.

During the early part of 1967, coverage for 24 hr/day

would be available through the use of the inertial mode.

However, the battery on board Mariner IV, to all indica-

tions, may have gone bad. It is almost certain that the

battery will be unavailable in 1967. The situation is com-

plicated by the potential solar panel degradation. Thus,

the transient load of the gyros may not be supported,

and the mission could be aborted when the gyros are
turned on.

In addition, many of the people who are best qualified

to exercise this mode will undoubtedly be committed to

higher priority missions. It is not considered advisable

to place this complicated spacecraft in the hands of any

except a team trained at least to the competence level

of the group used during encounter. For these reasons,
Phase IIIA has not been recommended.
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b. Phase IHB. Phase IIIB would start in mid-June

1967. The predicted solar panel power is sufficient to

support the gyro turn-on. The spacecraft will be near

enough to the Earth so that telemetry would be available

through the low-gain antenna, and an analysis could be

made as to the spacecraft condition prior to sending any

command. In addition, the commands would not have to

be sent in the blind as they would early in Phase IIIA.

Phase IIIB allows the option of exercising the inertial

mode for 24-hr coverage ff the engineering analysis indi-

cates a spacecraft capability and if the scientific value is

enhanced. Such an opportunity might arise during a

solar flare, where total coverage would be most important.

In order to exercise this alternative, the analytical
capability must be available; the effort would have to be

coordinated by a suitable Project staff, with analysis

personnel in support. However, the availability of trained

personnel would again be a problem, as in Phase IliA.

The age of the spacecraft at this time would raise

doubts as to its ability to respond to commands. The

same cautious care applied in 1965 would need to be

magnified many times. Consequently, Phase IIIB has not
been recommended.

c. Phase IIIC. Phase IIIC would be initiated in mid-

June 1967, and differs from Phase IIIB in that the activity

would be passive. Telemetry would be obtained through
the omnidirectional antenna; no commands would be

transmitted, since no analytical support is planned.

The operations plan for this phase has five charac-
teristics.

First, Mariner IV 1967 reacquisition will be conducted

as a passive, listen only, omnidirectional antenna opera-

tion, with command action only if absolutely necessary

to attain mission objectives. This implies that only single

station coverage (210-ft antenna) over most of the period

from June through December 1967 will be possible, re-

sulting in about 10 hr/day of telemetry data when, and if,
this station is available.

Second, real time monitoring of data will be performed

in the SFOF, using those data processing facilities as

required.

Third, a Master Data Library will be prepared in non-

real time, using best data inputs from the tracking sta-

tions. Extract tapes will be available to transmit to the

science experimenters and to the appropriate JPL

technical divisions (for subsystem performance) within

30 days after real-time occurrence. This will be the only

data transmitted to the experimenters unless specific

arrangements are made. The real-time monitoring will be

available to the experimenters or their representatives

for real-time perusal of their data.

Fourth, the DSN will perform all necessary operations

for tracking and data acquisition and will make the

necessary computations to enable predictions to be

generated for all stations.

Fifth, no requirement will exist for support of either

the PTM or MC-4 spacecraft for this phase.

The spacecraft is on its way around the Sun, having

already made its mark on history. The reacqnisition

possibilities described here are still only possibilities,

and further studies will have to be performed before a

final committment is made. When, and if, the 1967 re-

acquisition occurs, it is expected that a full report of

the operation will be written and published. G

B. Spacecraft Final Conditioning

In order to carry out the proposed plans to track the

spacecraft in its orbit around the Sun and to attempt to

reacquire it in 1967, it was necessary to condition the

spacecraft so that it would be in an optimum configura-
tion for these actions.

After the encounter with Mars, the spacecraft was still

receiving via the high-gain antenna. There was, of course,

no guarantee that the high-gain antenna would be point-

ing at the Earth in 1967, even assuming that the space-

craft were still locked on Canopus. The spacecraft would

have to receive via the low-gain antenna in order to

provide the maximum reacquisition possibility.

As a result of a possible internal failure, the spacecraft

could conceivably perform a midcourse maneuver, which
would alter the heliocentric orbit. To prevent such an

occurrence, it would be necessary to send an inhibit

maneuver command. As an additional safeguard, quanti-

tative commands could be stored in the CC&S to produce

minimum roll and pitch turns and a minimum motor
burn time.

"Description of the disposition of the PTM and MC-4 spacecraft is
as of 1 October 1965, and does not represent the final disposition.
Subsequently, Mariner IV and Mariner Venus 67 Projects were
activated, and these spacecraft were removed from storage to be
used with these projects.
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As a result of these considerations, a DC-13 maneuver

inhibit command was transmitted to the spacecraft on

26 August 1965. At the same time, the appropriate

quantitative commands were also transmitted. The ter-

JPL TECHNICAL REPORT NO. 32-881

mination of the Phase I portion of the mission occurred

on 1 October 1965. At that time, a DC-12 command was

transmitted to the spacecraft, transferring spacecraft

reception from the high-gain to the low-gain antenna.
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APPENDIX B

Schedule Package
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Schoduleof Eventl

ONE-WAY SNORE TESTING

DOWN-LINK THRESHOLD

TEST WITH SNORE

DC-13, QCl-t, QCI-2, QCI--3

TLM DIVERSITY TESTING

TWO-WAY SNORE TESTING

RF THRESHOLD TESTING

RF SPE CURVE CHECK

COMMAND LOCKUP CHECK

(ALL STATIONS)

TV/VSS TESTING (ENCOUNTER

AND PB SEQUENCE)

COMMAND THRESHOLD TEST_G

(DStFI2 ONLY)

CANOPUS TRACKER ANGLE UPDATE

ESTIMATED COMMAND BLACKOUT

REGION (ALL STATIONS)

SPACECRAFT POST CRUISE

CONDiTiONING (DC--12)
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SCHEDULE OF EVENTS

ENCOUNTER

ENCOUNTER- SEQUENCE
PLANNING

PROJECT REVIEW

PROPOSED PLAN

FINAL PLAN

POST-ENCOUNTER
PLANNING

PROJECT REVIEW

PROPOSALS BY DIVISIONS

INITIATE REGULAR
MEETINGS

PROPOSED PLAN

FINAL PLAN

APR

5 12 19 26 5 I0 17 24. 51 7 14 21 28 5 12 19 26 2

/_ SCHEDULE

• COMPLETION
• • ACTIVITY SPAN

SPAN PARTIALLY COMPLETE

RESCHEDULED

ENCOUNTER PLANNING
SCHEDULE

DATE:3-31-65/_gf /_ ! /._

PREPARED BY:_'_",,,_/<,L.

REVISION I 6/10/65
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JPL Project Document No. 67

NASA DOCUMENTS

Reports

Title

Booster Requirements Document, Revision 1 (Lewis

Research Center}

Mariner Mars 1964 Final Report, Volume I (U.S.

Government Printing Office, Washington, D.C.)

Mariner Mars 1964 Final Report, Volume II (U.S.

Government Printing Office, Washington, D.C.)

Mariner IV (Government Printing Office, Washing-
ton, D.C.)

Report from Mars

No. Date

BRD-4900 July 1964
Rev I

In prep

In prep

NASA Facts 1965

Vol II No. 9

EP 39 In prep

News Releases

NASA to Begin Unmanned Mars Exploration This
Year

Mariner Mars 1964 Missions Scheduled for Early
November

Magnetometer Experiment

Mariner IV Interim Science Findings, News Conference

Solar Plasma Experiment

Trapped Radiation Experiment

Faint Radio Signals Provide Firm Lock on Mariner
Mission

Mariner IV Pre-Encounter Press Conference, Jet

Propulsion Laboratory

Mariner IV Press Conference

64-205 21 Aug 1964

64-266 29 Oct 1964

65-I17-B 19 Apr 1965

N65-21853 21 Apr 1965

65-I17A 19 Apr 1965

65-i17C 19 Apt 1965

65-198 16 Jun 1965

CSCL 17B

N65-27472 22 Jun 1965

N65-30565 15 Jul 1965

CSCL 22A

NASA News Releases available from NASA Scientific & Technical Information Div.,

Washington, D.C.

- 2 -
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JPL Project Document No. 67

News Releases (Cont' d)

Title No. Date

News Conference on Initial Scientific Interpretation N65-29786 29 Jul 1965

of Mariner IV Photography CSCL ZZA

AFETR DOCUMENTS

Air Force Systems Command

Title No. Date

Mariner-Mars 1964: Data Transmission Test

Mariner-Mars 1964 Spacecraft: RF Systems Test

Program Requirements Document Revision 3

Range Scheduling Handbook

General Range Safety Plan Volume I

General Range Safety Plan Volume II

OD -4340

OD-4341

PRD-4300

Rev 3

AFM TCP 80-1

AFM TCP 80-2

Volume I

AFM TCP 80-2

Volume II

18 Sep 1964

16 Sep 1964

15 Sep 1965

15 Jan 1963

5 Mar 1963

29 Oct 1962

Contact Section 293 for information about these documents.

- 3 -
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JPL Project Document No. 67

JPL TECHNICAL REPORTS

Author Title No. Date

Becker, R.A.

Becker, R.A.

Clarke, V.C., Jr., et al.

Clarke, V.C., Jr.

Coyle, G.

Dawson, K.M., et al.

Dallas, S.S.

Easterling, M.F.

Easterling, M.
Goldstein, R.

Groudle, T.

Schmitz, D.

Hunter, J.H.

James, J.N., et al.

Analysis of Solar Panel Effect TR 32-687 I Jun 1965

Design and Test Performance

of Mariner IV TelevisionOptical

System

TR 32-773 1 Jul 1965

Design Parameters for Ballis-

tics InterplanetaryTrajec-

tories, Part l: One Way
Transfers to Mars and Venus

TR 32-77 16 Jan 1963

Trajectory Design for Ranger
Miss ions

TR 32-471 1 Mar 1965

Mariner IV Science Platform

Structure and Actuator Design,

Development and Flight Per-
formance

TR 32-832 15 Nov 1965

Reliability Considerations in

the Design, Assembly, and

Testing of the Mariner IV

Power System

TR 32-729 l Jul 1965

High Energy Earth to Mars

and Return Trajectories

TR 32-803 in prep

A Long Range Precision

Ranging System

TR 32-80 t0 Jul 1961

The Effect of the Interplanetary TR 32-825
Medium on S-Band Telecommu-

nications

Development of the Mariner C

Post-Injection Propulsion

System

Mariner Mars 1964 Telecom-

munication System

1Sep 1965

TR 32-830 In prep

Mariner IV Mission to Mars,

Part I

TR 32-836 1 Dec 1965

TR 32-782 15 Sep 1965
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JPL TECHNICAL REPORTS (Cont' d)

Author Title No. Date

Kliore, A., et al.

Mathison, R.P.

Pickering, W.H., etal.

Schiffer, R. A,

Schutz, F.L., et al.

Thostesen, T.O.

Lewis, D.W.

Wong, R.Y.

Project Team

Determination of Some Physical

Properties of the Atmosphere of

Mars from the Changes in Dop-

pler Signal of a Spacecraft on an

Earth Occultation Trajectory

Mariner Mars 1964 Telemetry

and Command System

The Mariner IV Mission to

Mars

Correlation of Launch Vehicle

Wind Tunnel Aerodynamic Noise

with Flight Vibration Data,
Revision 1

The Mariner Mars Science

Subsystem

The Mariner Mars 1964

Absorptivity Standard

A Fiber Optical System for

Space Application

Mariner Mars 1964 Project

Report, Mission and Spacecraft

Development; Volume I: Basic

Report

Mariner Mars 1964 Project

Report, Mission and Spacecraft

Development; Volume II:

Appendixes

Mariner Mars 1964 Project

Report, Mission Operations

Mariner Mars 1964 Project

Report, Spacecraft Perfor-

mance and Analysis

TR 32-674 16 Oct 1964

TR 32-684 i Jun 1965

TR 32-782 15 Dec 1965

Part II

TR 32-619 15 Sep 1964
Rev I

TR 32-813 15 Feb 1966

TR 32-734 1 Mar 1966

TR 32-646 31 Aug 1964

TR 32-740 In prep

Vol I

TR 32-740 In prep
Vol II

TR 3Z-881 In prep

TR 32-882 In prep

6 -
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JPL TECHNICAL REPORTS (Cont' d)

Autho r Title No. Date

Project Team

Mariner Mars 1964 Project

Mariner Mars 1964 Project

Report, Television Experiment,

Part i: investigators' Report

Mariner Mars 1964 Project

Report, Television Experiment,
Part II: Picture Element

Matrices

TR 32-883 In prep

TR 32-884 In prep
Part I

TR 32-884 In prep
Part II
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JPL Project Document No. 67

JPL TECHNICAL MEMORANDA

Author Title No. Date

Batchilder, R.R.

Wada, B.K.

Haynes, N.R.

Gordon, H.J.

Bastow, J.G.,

Johnson, N.E.

Pedersen, E.S.

Pefley, R.K.

Wilson, J.H.

Renzetti, N.A.

Renzetti, N.A.

Jr., et al.

Stiffness Matrix Structural

Analysis

A Study of the Probability of

Depositing Viable Organisms

on Mars During the Mariner
' 64 Mission

Proceedings of the Magnetic

Workshop, March 30 to

April 1, 1965, CIT, Pasadena

Investigation of Fiberglass
Shroud Materials

Heat-Sterilizable Power Source

Study for Advanced Mariner
Missions

Temperature Control, A Case

History of the Mariner Space-
c raft

The Odyssey of Mariner IV

Tracking and Data Acquisition

Support for Mariner Mars 1964

Volume I. Near Earth Trajec-

tory Phase

Tracking and Data Acquisition

Support for Mariner Mars 1964,
Volume II. Cruise to Post-

Encounter Phase

TM 33-75 12 Feb 1962

TM33-194 23 Oct 1964

TM 33-216 15 Sep 1965

TM 33-214 I Apr 1965

TM 33-180 I Jul 1964

TM 33-189 i Mar 1965

TM 33-ZZ9 Jul 1965

TM 33-239 I Jan 1965

Voll

TM 33-Z39 In prep
Vol II

-8 -
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OTHER JPL FORMAL REPORTS IN PREPARTkTION

Antenna Structure, Design and Development

Basic Structure, Design and Development

Design and Manufacturing of Mariner C Solar Panels

Design, Mechanization, and Flight Analysis of the Mariner C Power System

Design of Mariner Power Operational Support Equipment

Design of the Mariner C Power Conversion Equipment

Development Spacecraft Utilization

Effects of Dust Particles on the Canopus Tracker

Electronic Cabling

Electronic Packaging

Filtering Techniques for Noise Suppression in Quasi-Balanced Circuits

Manufacturing and Quality Assurance of the Mariner C Conversion Equipment

Mariner C Battery, Final Report

Mariner C Environmental Facilities and Test Program Summary

Mariner C Post-lnjection Propulsion System R_galator Development

Mariner C Post-Injection Propulsion System Squib Development

Mariner C Post-Injection Propulsion System Squib/Valve Development

MC-4 Timing and Sequencing Subsystem

Mariner IV Flight Path and Its Determination from Tracking Data

Mariner Mars Temperature Control Subsystem

Mechanical Configuration

Performance Evaluation of Mariner C Solar Panels

Propulsion System Components

Solar Panel: Structure, Boost Restraint, and Deployment

Spacecraft Inertial Property Determination

-9-
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OTHER JPL FORMAL REPORTS IN PREPARATION (Cont' d)

Temperature Control Design, Testing, and Flight Results

Temperature Control Hardware Design and Development

Total Propulsion System Configuration
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SPACE PROGRAMS SUMMARY, VOLUMES III

The Deep Space Network

No. Page Title Date

37-29 38-39 30 Sep 1964

37-30 34-35 30 Nov 1964

37-30 36 30 Nov 1964

37-31 32 31 Jan 1965

37-31 33-34 31 Jan 1965

37-32 9-10 31 Mar !965

37-33 32-38 31 May 1965

37-25 i8-i9 M,irl,ei C I00 kw Transmitter 31 Jan 1964

37-26 22 Mariner C 100-kw Transmitter 31 Mar 1964

37-27 37-38 SFOF Operations 31 May 1964

37-27 52 Mariner C Transmitter Development 31 May 1964

37-28 43-45 Mariner C Transmitter Development 31 Jul 1964

37-29 38 Ground Instrumentation for Mariner C Occultation 30 Sep 1964
Measurements

Mariner C Transmitter Development

Ground Instrumentation for Mariner C

Mariner C 100-kw Transmitter

Ground Instrumentation for Mariner C Occultation

Experiment

Mariner C 100-kw Transmitter

Ground Instrumentation for Mariner iV Occultation

Experiment

Ground Instrumentation for Mariner IV Occultation

Experiment

37-33 56-58 Venus Station Mariner IV Support 31 May 1965

37-33 58-62 Venus Station Mariner IV Encounter Receiver 31 May 1965

37-34 41-44 Ground Instrumentation for Mariner C Occultation 31 Jul 1965

Experiment

Mariner IV Operations

Mariner Master Data Library

Ground Instrumentation for Mariner IV Occultation

Experiment

Venus Station Mariner IV Encounter Receiver

and X-Band Lunar Radar

37-34 3-4 31Jul 1965

37-35 34-37 30 Sep 1965

37-35 39-42 30 Sep 1965

37-35 42-45 30 Sep 1965
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SPACE PROGRAMS SUMMARY, VOLUMES IV

Supporting Research and Advanced Development

No. Page Title Date

37-25 49 Mariner Configuration Study 29 Feb 1964

37-26 74-75 Welded Electronic Packaging 30 Apr 1964

37-27 92-97 Carrier Collection and Spectral Response of 30 Jun 1964

Radiation Detectors

37-28 101-108 Planet Acquisition-Range Prediction of a Planetary 31 Aug 1964

Scan System

37-30 131 High- and Low-Field Characteristics of the Helium 31 Dec 1964

Magnetometer

37-33 84-90 Printed Conductor Assembly Substitution for 30 Jun 1965

Mariner C Upper Ring Harness

SPACE PROGRAMS SUMMARY, VOLUMES VI

Space Exploration Programs and Space Sciences

37-17 29-31 Mariner Command Subsystem 31 Oct 1962

37-18 70-72 Planetary Scan Systems 31 Dec 1962

37-19 43-46 Mariner Mars 1964 Design 28 Feb 1963

37-19 81-82 Mariner Mars 1964 Logically Controlled Shutter- 28 Feb 1963

and-Filter Wheel

37-20 27-34 Mariner Mars 1964 Design 30 Apr 1963

37-20 I04-i08 Mariner Mars 1964 Photographic Subsystem 30 Apr 1963

37-20 i12-I13 Mariner Mars 1964 Television Subsystem Optical 30 Apt 1963

Subassembly

37-21 32 Launch and Arrival Date Considerations 30 dun 1963

37-21 32-42 Spacecraft Design 30 Jun 1963

37-21 75-78 Planetary Scan Subsystem for Mariner Mars 1964 30 Jun 1963

37-22 17-18 Spacecraft Mission Simulation 31 Aug 1963

-12-
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SPACE PROGRAMS SUMMARY, VOLUMES VI (Cont' d)

No. Page Title Date

37-22 18 Mariner Mars 1964 Systems Test Plans 31 Aug 1963

37-22 19-24 Mariner Mars 1964 Spacecraft Deslgn 31 Aug !963

37-22 53-56 TV Camera Shutter 31 Aug 1963

37-23 17-18 Mariner Mars 1964 TV System Test 31 Oct 1963

37-23 18-26 Mariner Mars 1964 Spacecraft Design 31 Oct 1963

37-23 42-49 Operational Support Equipment 31 Oct 1963

37-24 14-22 Spacecraft Design and Development 31 Dec 1963

37-24 71-87 Mariner C Scientific Instrumentation 31 Dec 1963

37-25 12-13 Systems Testing 31 Jan 1964

37-25 13-14 Atlantic Missile Range Launch Complex Facility 31 Jan 1964

Design

37-25 14-18 Spacecraft Design and Development 31 Jan 1964

37-25 41-43 Mariner Television Subsystem Optical Subassembly 31 Jan 1964

37-25 43-46 Mariner C TV Development Support _quipment 31 Jan 1964

37-25 53-56 Mechanization of the iNonreal Time Data Auto- 31 Jan 1964

mation System

37-25 56-58 Planetary Simulation for Mariner C Planetary 31 Jan 1964

Scan Subsystem

37-26 20 Flight Analysis Program 31 Mar 1964

37-26 20-21 Systems Testing 31 Mar 1964

37-26 21-23 Spacecraft Development and Testing 31 Mar 1964

37-26 55-69 Mariner C Magnetometer 31 Mar 1964

37-26 70-72 Improved Slow-Scan Vidicon Camera Tubes 31 Mar 1964

(Mariner C)

37-26 72-28 Effects of Bit Errors on Pulse Code Modulated 31 Mar 1964

(PCM) Television Picture Data (Mariner C)

-13 -
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SPACE PROGRAMS SUMMARY, VOLUMES VI (Cont' d)

No. Page Title Date

37-28 48-51 31Jul 1964

37-29 34-37 30 Sep 1964

37-29 37-44 30 Sep 1964

37-29 59-63 30 Sep 1964

37-30 18-20 30 Nov 1964

37-30 20 30 Nov 1964

37-30 20-21 30 Nov 1964

37-31 16-18 31 Jan 1965

37-31 18-19 31 Jan 1965

37-31 19-21 31 Jan 1965

37-3! 54-55 31 Jan 1965

37-27 10-11 System Testing 31 May 1964

37-27 If-15 Spacecraft Design and Development 31 May 1964

37-27 15-17 Three-Axis Spacecraft Simulator 31 May 1964

37-27 41-44 Planetary Scan Subsystem (Mariner C) 31 May 1964

37-28 18-21 Spacecraft Systems Testing 31 Jul 1964

37-28 21-29 Design and Development 31 Jul 1964

37-28 43-48 Mariner TV Subsystem Science and Engineering 31 Jul 1964
Calibration

The Mariner Vidicon as a Ruggedized Space

Component

Spacecraft Systems Testing

Design and Development

Mariner C TV Subsystem Camera-Shutter
Electronics

Spacecraft Systems Testing

Spacecraft Thermal Testing

Design and Development

Mission Operations

Power Subsystem Operation During the Mariner
Mission

Developmental and Testing Activities

Magnetic Shields to Support Mariner C Magneto-

meter Testing

37-32 14 Mariner IV Mission Operations 31 Mar 1965

37-32 14 Mariner IV Power Subsystem Performance 31 Mar 1965

37-32 15-16 IAfe Testing Activities 31 Mar 1965

14 -
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SPACE PROGRAMS SUMMARY, VOLUMES VI (Cont' d)

No. Page Title Date

37-32 37-41 Mariner C TV Field Support Operations 31 Mar 1965

37-32 41-43 Mariner C Magnetometer: Development of 31 Mar 1965

Modified Helium Lamps and Cells

37-32 44-48 Methods of Determining the Characteristics and 31 Mar 1965
Performance of Radiation Detectors Used in the

Mariner C Planetary Scan Subsystem

37-32 49-55 Advanced Mariner Data Automation System 31 Mar 1965

Development

37-33 18 Mariner IV Space Flight Operations 31 May 1965

37-33 18-22 Mariner IV Attitude Control Subsystem 31 May 1965

Pe rfo rmance

37-33 22 Development of a Star Identification Procedure 31 May 1965

37-34 20-21 Mariner IV Space Flight Operations 31 Jul 1965

37-34 21-22 Mariner IV Radio Subsystem Performance 31 Jul 1965

37-34 27-39 Mariner IV Ionization Chamber Failure Analysis 31 Jul 1965

37-34 39-41 N1ariner IV Plasma Probe Jeallure Analysis 31 Jul i_u'_5

37-34 41-44 Mariner IV TV Interpretation Studies 31 Jul 1965

37-34 44-47 Spurious TV Image Phenomena 31 Jul 1965

37-34 48-49 Space Sciences Encounter Planning Activities 31 Jul 1965

37-35 10 Mariner IV Space Flight Operations 30 Sep 1965

37-35 I0-12 Mariner IV Spacecraft Performance During The 30 Sep 1965

Mission

Future Operations for Mariner IV

Mariner Master Data Library

Total Radiation Dose Experienced by the Mariner

IV Spacecraft as Measured by the Ion Chanlber

Experiment

37-35 12 30 Sep 1965

37-35 22 30 Sep 1965

37-35 35-37 30 Sep 1965
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SPACE PROGRAMS SUMMARY, VOLUMES VI (Cont'd)

No. Page Title Date

37-35 37 -44 Mariner IV Magnetic Measurements Inside the

Earth's Magnetosphere, Magnetic Tail, and

Magnetosheath

30 Sep 1965
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OPEN LITERATURE

Author Title Publication Date

Alexander, W.M.,

et al.

Anderson, H.R.

Billingsley, F.C.
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